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SCIENTIFIC MAN-POWER AND DEVELOPMENT IN BRITAIN 


HE eleventh annual report of the Advisory 

Council on Scientific Policy*, for the period 
July 1, 1957-June 30, 1958, is concerned with some 
aspects of three main topics: the organization and 
administration of scientific research ; scientific man- 
power; and various measures which affect the 
efficiency with which scientific man-power is used. 
With the magnitude of the research effort of Great 
Britain, to which a large part of the previous report 
was devoted, the present report is scarcely concerned, 
other than to supply in an appendix revised figures 
for Government expenditure on civil research. These 
put the total for 1958-59 at £28-5 million, compared 
with £26-6 million in 1956-57. For the Research 
Councils the figures are: Scientific and Industrial 
Research, £11-4 million and £10-5 million; Agri- 
cultural Research, £5-08 million and £4-6 million; 
Medical Research, £3-1 million and £2°8 million; 
Nature Conservancy, £350,000 and £305,000. The 
total scientific staff employed was 6,449 in 1958-59, 
compared with 6,139 in 1957-58. As regards the 
distribution of this effort in 1958-59, £8,289,000 
is for agriculture, forestry, fisheries and food ; 
£13,386,000 for industry and communications ; 
£3,860,000 for medical research and health ; £1,735,000 
for overseas research; and £1,064,000 for the 
Government Chemist, meteorology, oceanography 
and observatories. 

On the organization of research effort, the report 
this year deals solely with the financing of scientific 
research in British universities, and that topic, with 
the exception of two aspects which are related to the 
effective utilization of scientific man-power and are 
discussed below, has already been considered in these 
columns (see Nature, December 27, p. 1757). On 
scientific man-power the Advisory Council reports 
that @ more comprehensive review of the member- 
ship of professional institutions has been possible, 
and on this basis it is estimated that some 13,000 
professional scientists and engineers qualified for the 
first time in 1957. This estimate takes account of 
the number of engineers with multiple qualifications 
without a university degree among the 7,900 admitted 
to thirteen professional engineering institutions ; 
about 200 of nearly 900 new members admitted to 
the Roy:1 Institute of Chemistry and the Institute 
of Physics had no university degree. 

Figures from the University Grants Committee 
indicate a 13 per cent increase in graduates in 
engineering in 1956-57, but only about 3 per cent 
M pure science ; and if, as expected in framing the 
building plans of the universities, some two-thirds of 
the additional students read for degrees in pure 
Science and technology, the student population in 
these departments will increase from 35,000 (October 
1957) to about 55,000 by 1966, a figure which should 
give about 12,000 graduate scientists and engineers a 
year, compared with 7,800 in 1956-57. By that date, 


; Annual Report of the Advisory Couneil on Seientifie Polic 
y, 
rar hey Cmnd. 597. Pp, 22. (London: H.M. Stationery Office, 1958.) 





too, it is expected that the technical colleges will be 
supplying about 9,500 scientists and technologists of 
professional status, and this figure might rise to 
10,500 a year by 1970 if the expansion continues in 
the late 1960’s. This total figure of 22,500 thus 
leaves a reasonable margin over the target of 20,000 
set in the report on “Scientific and Engineering 
Man-power in Great Britain” published in 1956 ; and 
the Advisory Council appears to be satisfied, from the 
rising number of those staying on at school until the 
age of seventeen and from current estimates of the 
probable intake into universities, technical colleges 
and teacher training colleges, that there should be no 
lack of young people of ability to fill the larger number 
of places in the universities and technical colleges. 

This position, however, emphasizes the critical 
importance of an adequate supply of science and 
mathematics teachers for the schools, and while the 
Advisory Council recognizes frankly enough that the 
effectiveness of the expansion plans ultimately 
depends on this, its current report is no more 
reassuring on this point than the previous one. The 
main pressure in the next few years will fall on the 
maintained schools, which are already short of 
graduate teachers of science and mathematics and 
have difficulty in recruiting staff with satisfactory 
qualifications. The position seems likely to grow 
worse, even though schools and institutions of further 
education have increased their staffs by about 500 
graduate teachers of science and mathematics a year 
during the past four years. In 1956-57 the net 
increase rose to about 845, with a further increase of 
120 in graduate engineers teaching in technical 
colleges ; but this total in a particularly favourable 
year is still 400 short of the average annual increase 
required to raise the number of these teachers in 
schools and technical colleges to 29,000 in 1959—the 
number estimated as needed at the time of the 
earlier survey of scientific and engineering man-power 
in Great Britain. Since then the Committee on 
Scientific Man-power has suggested that a further 
4,000 teachers would be needed to maintain staffing 
ratios in view of the increase in pupils in secondary 
schools, while the Willis Jackson Committee has 
estimated that technical colleges in England and 
Wales need to increase their graduate teachers of 
science and technology by 250 and 265 a year, 
respectively, and also recommended an increase in 
provision for full-time training in technical teacher 
training colleges from 300 to 500. 

This shortage of science and mathematics teachers 
is only one aspect of a general shortage of teachers, 
and the Advisory Council welcomes the recent state- 
ment by the Minister of Education that within the 
programme to provide 12,000 new places in teacher 
training colleges in England, and Wales by the 
autumn of 1962, special measures will be taken to 
train extra teachers of science and mathematics. .No 
proposals, however, for specifically closing the gap 
have been forthcoming, nor are any advanced by the 
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Advisory Council, and the shortage seems likely to 
continue. It is ignored in the latest White Papers 
dealing with secondary education. Rightly, the 
Council points out that it is the teachers now at 
work who bear the brunt of the pressure on the 
secondary schools. The increase in the output of 
scientists and engineers from the universities should 
ultimately increase the number of such graduates 
who take up teaching, and the introduction of more 
degree courses suitable for those intending to teach 
could also help; but neither measure meets the 
immediate emergency. 

In these circumstances, the Advisory Council 
directs attention to the importance of measures 
which can ease the task of the science and mathe- 
matics teachers. The provision of more accom- 
modation and the rapid modernization of laboratory 
and equipment are one way; the provisicn of labor- 
atory assistance is another. There is indeed a 
continuing need for schools and colleges to show 
ingenuity in making the most of existing staff and 
facilities, but the task should not be left to them 
alone. At this juncture a generous policy in such 
matters would pay the nation most handsome 
dividends, and might well prove decisive in narrowing 
the critical gap. It should be urged on the Govern- 
ment and on educational authorities with all the 
emphasis and authority at the command of the 
Advisory Council and others who understand the 
importance of a sufficient supply of scientific and 
technical man-power. 

The major importance of the Advisory Council’s 
present report lies indeed in its comments on several 
of these factors which determine the effective use of 
existing supplies of scientific and technical man- 
power. In its previous report, it pointed out that 
the effectiveness of university research would be 
much enhanced by the comparatively small expendi- 
ture necessary to increase substantially the number 
of supporting staff in university laboratories. In the pre- 
sent report it returns to the problem at greater length. 

In general, the responsibility for providing tech- 
nicians rests, and must continue to rest, with the 
universities. The Research Councils may indeed 
finance the employment of specialist technicians if a 
university department, in applying for a piece of 
expensive and complicated equipment, can show that 
a specially qualified technician is also needed and 
cannot be recruited without financial assistance. 
University departments, however, have the utmost 
difficulty in obtaining technicians, and particularly 
in recruiting high-grade men with specialist quali- 
fications. The Committee of Vice-Chancellors and 
Principals has now arranged an investigation into 
the work, qualifications and conditions of employ- 
ment of technicians in university departments as 
compared with those of technicians outside the 
university field. Reiterating the conclusion of its 
previous report as to the large return to be reaped 
from comparatively small expenditure in this way, 
tne Advisory Council stresses the futility of encour- 
aging scientists to enter university research and then 
to deny them the kind of technical assistance which 
they would enjoy in Government or industrial 
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research establishments. The private foundations 
have frequently given some assistance here, but the 
problem is primarily one for the universities them. 
selves, and the Advisory Council is not alone in 
hoping that university authorities will, as a matter 
of urgency, consider how they can increase the 
supply of technicians available to their scientific and 
technological departments. 

Related to this is the question of equipment. All 
the Research Councils make grants to meet the cost 
of special equipment required for the research projects 
which they are supporting ; but present practice in 
the matter of more general research equipment is 
not uniform. The Advisory Council recognizes that 
it is more in accordance with university autonomy 
for the universities to finance the purchase of equip- 
ment themselves; but it also recognizes the need 
for special arrangements, including additional sources 
of finance, for certain kinds of expensive research 
equipment needed to-day in science and technology. 
Indeed, apart from the question of availability of 
finance, university departments may well be reluctant 
to embark on the installation of such equipment, 
because of the danger of distortion of effort and the 
difficulty of disengagement with change of staff. 

Such reasons, and the further difficulty of ensuring 
that economic use is made of such equipment, have 
led to suggestions that it is best installed at inde- 
pendent research institutions; but that course 
involves removing important fields of research from 
university departments. The National Institute for 
Research in Nuclear Science is one attempt to meet 
this difficulty. As the Advisory Council on Scientific 
Policy points out, this provides, for common use, 
equipment which is beyond the scope of individual 
universities and institutions to provide for them- 
selves. It has also been decided that the University 
Grants Committee should be responsible for 
grants for the purchase of electronic computers ; but 
no special arrangements for providing through the 
University Grants Committee the various types of 
apparatus costing £2,000—£10,000 which are necessary 
in many fields to-day and which many university 
departments cannot purchase from their annual 
allocations of general-purpose funds. 

Nor is this all. Modern equipment for general 
research purposes, besides increasing the effective- 
ness of research and the rate at which it can be 
carried out, adds greatly to the efficiency with which 
both scientists and technicians can be used. Accord- 
ingly, out-of-date equipment in our universities, when 
used for research as distinct from teaching, represents 
a drain on valuable man-power which is completely 
uneconomic and unrealistic. Add to this the con- 
tinuing trend of equipment to increase in complexity 
and cost, and the delay which is often involved 
before newly developed or improved equipment, t0o 
expensive to be charged to the annual budget, can 
be obtained for general research purposes, and it is 
obvious that the Advisory Council is directing 
attention to a problem which offers considerable 
possibilities of a saving in man-power. 

The University Grants Committee and the Research 
Councils are agreed that the former is not best fitted 
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to deal with such specialized requests, and that it 
would be preferable for them to be considered by 
the appropriate Research Council or by the Govern- 
ment grant boards of the Royal Society. During the 

two years, the Department of Scientific and 
Industrial Research has invited applications for 
grants to finance the purchase of expensive equip- 
ment, not only for particular research projects 
receiving its support, but also to facilitate progress 
in wider fields of research within the Council’s general 
sphere of interest. The other Councils are willing to 
make similar arrangements, provided they receive 
sufficient funds for the purpose; and the Advisory 
Council on Scientific Policy hopes that by next year 
they will be in a position to invite requests for 
specific types of equipment required for research but 
unrelated to particular research projects.. Further- 
more, it recommends that the procedure and the 
scale of expenditure should be reviewed by the 
University Grants Committee and the Research 
Councils before the universities are asked to frame 
the proposals for the next quinquennium, 

This, however, is only the beginning. It is not 
sufficient to ascertain the potential demand for such 
equipment or even for adequate funds for the purpose 
to be placed at the disposal of the Research Councils. 
It is no less important that the procedure should be 
flexible and swift in action, so that there is no undue 
delay in meeting an established and approved need, 
Here the question of Treasury control requires some 
forethought, and it is to be hoped that, in framing 
the proposals for administering grants for this pur- 
pose, due weight will be given to the evidence sub- 
nitted recently to the Select Committee on Estimates 
relating to Treasury control of expenditure and to 
the Department of Scientific and Industrial Research. 

A number of miscellaneous activities considered by 
the Advisory Council also bear on this question of 
making the fullest possible use of existing scientific 
and technical man-power in Britain, in the univer- 
sities and elsewhere. The United Kingdom is par- 
ticipating in several projects of the Governing 
Committee for Scientific and Technical Personnel 
established in June 1958 by the Council of the 
Organization for European Economic Co-operation. 
These projects include an annual review of action 
taken in member countries to increase the supply of 
scientific and technical man-power ; vacation courses 
for science teachers ; and fellowships to enable senior 
lecturers or research workers to make short visits 
to research or training institutions in other 
countries. They should yield a considerable direct 
return for the United Kingdom’s contribution of 
£15,000. 

Again, the United Kingdom representative on the 
Science Committee of the North Atlantic Treaty 
Organization, which the North Atlantic Council 
decided on December 1957 to establish, is the deputy- 
chairman of the Advisory Council on Scientific Policy, 
Sir Solly Zuckerman. Apart from its consideration 
of problems in the field of defence science, this Com- 
mittee has already considered a proposal to establish 
§ substantial number of N.A.T.O. fellowships to be 
held by postgraduate students, primarily for study 
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abroad, and also proposals for financial support for 
advanced study institutes for special subjects. The 
Council believes that this Science Committee can 
carry out a valuable function by stimulating and 
encouraging the activities of existing organizations 
in this field and by carrying out certain projects 
which are not being undertaken by other bodies. 
The Council’s Committee on Overseas Scientific 
Relations has also reviewed the present organization 
and activities of the scientific missions attached to 
certain United Kingdom embassies, and the report 
enters a strong plea in support of the scientific 
attaché. 

A review of the work of missions and attachés in 
recent years has convinced the Council that the out- 
lay in money and personnel has been fully justified. 
Men with the combination of personal and scientific 
qualities necessary to make a first-class scientific 
attaché are relatively rare; but they perform a 
function which visiting specialists of international 
reputation in a particular field cannot fill, because 
they cannot give the continuity essential for the 
attaché’s work. Much of an attaché’s work is un- 
spectacular but none the less valuable. The Advisory 
Council considers that the territory covered by one 
attaché is sometimes too large, and it also urges that 
appointments should not be limited to countries 
having a high current level of technical develop- 
ment. 

While the Advisory Council fully recognizes that 
the resources of Britain are limited, its lead is un- 
equivocable, though it might have argued more 
clearly the economic advantages of extending the 
system to other countries. Although the Council is 
clearly convinced of the advantages of more co- 
operation between the Western nations in scientific 
and technological research, and has re-constituted 
its Committee on Overseas Scientific Relations, it is 
by example rather than specific recommendation that 
the lead is given. Thus it welcomes the Government 
announcement that negotiations are proceeding with 
the London County Council for the lease of a site on 
the South Bank site to house a new building to 
accommodate the Patent Office and a new National 
Reference Library of Science and Invention built up 
from the existing Patent Office Library. The Advisory 
Council welcomes this somewhat belated decision, 
but it seems content to accept the delay of possibly 
five years before building even commences. No men- 
tion is made of the cost to the nation of this further 
delay and its implications. 

There will, of course, always be differences of 
opinion as to the relative importance of particular 
proposals ; but the Advisory Council on Scientific 
Policy has certainly directed attention to a varied 
range of issues which bear on the development in 
Britain of scientific and technical man-power. <A 
programme of action and exposition is set forth 
clearly enough, to be pursued by those who appreciate 
the bearing on the future of Britain of the effective 
utilization of existing scientific and technical resources, 
and the need for early expansion of the supply 
of scientists, technologists and supporting tech- 
nicians,. 
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ANTHROPOLOGICAL STUDIES 


Method in Social Anthropolog 

Selected Essays. By A. R. cliffe-Brown. Edited 
by Prof. M. N. Srinivas. Pp. xxi+189. (Chicago: 
University of Chicago Press; London: Cambridge 
University Press, 1958.) 28s. net. 


The Scope of Physical Anthropology and Its Place 
in Academic Studies 

A Symposium held at the Ciba Foundation, 6th 
November 1957. Edited by D. F. Roberts and J. 8. 
Weiner. Pp. vii+66. (New York: The Wenner- 
Gren Foundation for Anthropological Research. 
Published for The Society for the Study of Human 
Biology, 1958. Obtainable from the Institute of 
Biology, 41 Queen’s Gate, London, 8.W.7.) n.p. 


i mee first part of this work of the late Prof. A. R. 
Radcliffe-Brown includes a number of his previ- 
ously published essays in chronological order. These 
are concerned principally with the scope of social 
anthropology and its relation to other disciplines, 
mainly psychology and history. In the latter regard 
Radcliffe-Brown was at considerable pains to show 
that the problems of anthropology are quite different 
from those of ethnology. Social anthropology must 
also employ comparative methods, but with the aim 
of exploring varieties of social life as a basis for the 
theoretical study of human phenomena rather than of 
discovering historical connexions between peoples. 
It seeks not to ‘explain’, but to understand a particu- 
lar feature of a particular society by first seeing it as a 
particular instance of a general kind of social pheno- 
mena, and then by relating it to a certain general 
tendency in human societies. Radcliffe-Brown 
returned to the comparative method in the first five 
chapters of an introductory work which was uncom- 
pleted at his death. These chapters, which are 
included in the present book, provide a very clear, if 
somewhat abbreviated, exposition of his scientific 
approach and employment of such central concepts as 
‘social structure’, ‘social organization’, ‘social evolu- 
tion’, ete. ‘R.-B.’s’”? many admirers and followers 
will be glad to have these posthumous essays and 
selection of writings within a single volume, although 
its actual title is slightly misleading. His main 
contribution to methodology is to be found elsewhere 
—in his “Structure and Function in Primitive 
Society” and in his “Introduction to African Systems 
of Kinship and Marriage”’. 

The second of the volumes under review comprises 
some ten papers, read at a symposium in 1957 at the 
Ciba Foundation, with the object of defining the scope 
of physical anthropology and introducing it to those 
in cognate sciences. Sir Wilfrid Le Gros Clark, who 
opened the session, feels that physical anthropology is 
a historical subject in so far as it studies the organic 
relation of the human species to lower animals, its 
evolutionary origin, its differentiation into races and 
sub-races, and the relation of physique to different 
conditions of life in the past. He considers, however, 
that future research will be mainly directed to the 
study of living populations, particularly in regard to 
problems of human genetics. An investigation of 
the latter kind is described by A. C. Stevenson, who 
summarizes the results of an examination of popula- 
tion genetics in Northern Ireland. Experimental work 
is also the subject of A. E. Mourant and of N. A. 
Barnicot, the forn »* being concerned primarily with 
organization for : »arch in serology and the latter 
mainly with labor tory techniques in the study of 
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living populations. Kenneth P. Oakley describes 
physical anthropology in the British Museum, and 
J. M. Tanner discusses the place of human biology in 
medical education. J. 8. Weiner’s contribution jg 
devoted to the same topic. He points out that there 
is a dearth of teaching in human genetics and cop. 
siders that this ought to be remedied in the universj. 
ties. Physical anthropology could be taught at an 
elementary level as an educational or ‘liberal’ discipline 
as well as at an advanced level as a specialized 
professional subject. Prof. J. Z. Young also makes a 
somewhat similar point, arguing that human biology 
can help medical students over the boundaries between 
physical science and the cultural sciences. L. §, 
Penrose contributes a short paper about human 
variability and adaptability, and Sir Solly Zuckerman 
sums up. KENNETH LITTLE 


TECHNOLOGY OF THE 
INDUSTRIAL REVOLUTION 


A History of Technology 

Edited by Charles Singer, E. J. Holmyard, A. R. 
Hall and Trevor I. Williams. Assisted by Y. Peel, 
J. R. Petty and M. Reeve. Vol. 4: The Industrial 
Revolution, c. 1750 to c. 1850. Pp. xxxiii+728+ 
48 plates. (Oxford: Clarendon Press; London: 
Oxford University Press, 1958.) 168s. net. 


HEREAS each of the first two volumes of this 

great history holds some thousands of years 
between its covers, and the third about two hundred 
and fifty, this fourth volume covers only a hundred 
—from 1750 to 1850, the period of the Industrial 
Revolution. But what a hundred years! Although 
the Renaissance and the invention of printing had 
brought a liberation of men’s minds, their daily way 
of life remained little changed from the days of the 
Roman emperors. Their clothes were still woven on 
hand looms, they still struck fire from flint, still 
travelled by sail and horseback and still battered 
each other to death with axe and sword. The changes 
which began in the middle of the eighteenth century 
well merit the word ‘revolution’ and it was happy for 
England that her revolution took this form and 
belonged particularly to her. 

The first chapters of the book are” devoted to 
farming (by O. Beaumont, J. W. Y. Higgs and G. E. 
Fussell) and they are followed by an unexpected chapter 
on fish preservation (with a note on whaling), covering 
its entire history. After chapters on mining and the 
extraction of metals (the first extending up to 1875, 
for occasionally the articles rightly over-run} the 
Industrial Revolution), the dominant subject of power 
is dealt with in three masterly essays. Prof. R. J. 
Forbes writes on the general development of motive 
power up to 1850, the late Dr. H. W. Dickinson deals 
specifically with the steam engine (a miracle of con- 
densation, in both senses) and his successor at the 
Science Museum, A. Stowers, gives a concise history 
of waterwheels from 1500 up to 1840, referring much 
to the work of John Smeaton, “who could not touch 
anything without improving it’? and whose name 
occurs passim throughout this volume. 

Having established the basic elements of the 
Industrial Revolution—power and the metals-—the 
development of the manufactures comes under dis- 
cussion. It would have been impossible to describe 
all the by-ways of industrial chemistry in such"s 
work as this, so Dr. E. J. Holmyard writes on the 
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progress of chemical theory and practice, while A. 
and N. L. Clow give a survey of the chemical industry 
and the way in which it interacted with the Indus- 
trial Revolution. The Clows also describe the growth 
of the pottery industry and wisely illustrate (among 
the plates) the beautiful ware of which they write. 

Gas for lighting and heating is so much a British 
industry that Sir Arthur Elton’s emphasis on the 
pioneer work on wood-distillation of Philippe Lebon 
is timely. Nevertheless, it seems a little over-stressed 
when compared with the practical results with coal 
of William Murdoch (his name is better spelt thus : 
the ‘k’ was merely a sop to the pronunciation of 
Southerners). Textiles (by Julia Mann and W. 
English) naturally have long articles, which are 
purely technical and do not deal with the growth of 
the ‘factory system’ and the attendant changes: in 
the people’s life—this is not a social history. 

Machine tools, the handmaidens of the Industrial 
Revolution, are split into two sections, and one of 
the few foreign contributors, Maurice Daumas, of the 
Conservatoire National des Arts et Métiers, leads off 
with the largely French work in the field of precision 
mechanics used in making clocks and instruments. 
He unwittingly reveals the answer to a famous vexed 
question among gas-engineers—why the general 
public insists on calling ‘gas-holders’ by the familiar 
term ‘gasometers’. It is because Lavoisier did so in 
his laboratory some twenty years before coal-gas was 
manufactured. K. R. Gilbert adds a definitive chapter 
on the machine tools of the engineer (containing the 
morbidly ambiguous note, “Clement built planer, 
manufactured taps and dies’’). 

Dr. 8. B. Hamilton, on building and civil engineer- 
ing construction (the longest single contribution), 
describes the development of structural theory during 
the period (the era of cast and wrought iron) and 
links it with the great achievement of the new race 
of ‘civil engineers’. Prof. Forbes’s second article, on 
roads, takes us up to 1900, and it is sad to think that 
a hundred years have elapsed since Telford and 
McAdam (whose name is so often mis-spelt in other 
books) put Great Britain ahead of the world in this 
craft and we have been losing our position as road- 
builders ever since. 

The chapter on ship-building is extraordinary, for 
it is devoted almost entirely to sailing ships. The 
use of steam is dismissed in a paragraph; yet the 
technique of marine engine building was founded 
and developed during the period in question, and the 
work of John Penn and of the firm of Maudslay, 
Sons and Field, among others, seems worthy of 
inclusion. This and railway engineering (which is 
entirely overlooked in this volume) are startling 
omissions from a book dealing with the technology 
of the Industrial Revolution. 

This was not the era of electricity, but it gains an 
important place in the chapter on telegraphy by 
G. R. M. Garratt, and to complete the survey, 
there are good articles on glass, canals, sanitary 
engineering, cartography (another unexpected choice) 
and dredging. 

Finally, there is an interesting, but rather diffuse, 
chapter by Prof. A. R. J. P. Ubbelohde summing up 
the change of technology from a ‘craft mystery’ to 
an exact science. This covers the whole period of 
the preceding volumes also, and deals with, among 
other things, the foundation and contributions to 
technological progress of the Royal Society, the 
French Encyclopedists and the British Association 
for the Advancement of Science. A tribute to the 
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Ecole des Ponts et Chaussées would have been 
appropriate here for, more than any other body, it 
gave the lead to civil engineering, and, as Dr. Hamil- 
ton shows in his article, produced some of the greatest 
constructional engineers and theorists of the period. 
Much of the delight which this volume gives is due 
(as with the others) to the beautiful line drawings of 
D. E. Woodall, which embellish nearly every page. 
It would be carping to point out errors—inevitable 
in a work of this magnitude—but one cannot over- 
look the misattribution (to Telford) of Burdon’s iron 
bridge over the River Wear, on Plate 29. As with all 
books cast in this mould, at first one is stunned by its 
apparent comprehensiveness ; but on a second reading 
one becomes conscious of omissions (mostly caused by 
the limitations of space) and one yearns for a more 
detailed treatment of the various subjects. If an 
enterprising publisher were to invite each of the 
many contributors to re-write his chapter and expand 
it to the length of a book (with the same fine typo- 
graphy and drawings of this series), there would be 
created thereby a library of the technological 
achievements of the Industrial Revolution which 
would remain the standard reference for very many 
years. G. B. L. Wizson 


OCCULT VIRUSES 


Symposium on Latency and Masking in Viral and 
Rickettsial Infections 
The Proceedings of a Conference held at the Univer- 
sity of Wisconsin Medical School, September 4, 5 
and 6, 1957. Edited by Duard L. Walker, Robert P. 
Hanson and Alfred 8. Evans. Pp. xi+202. (Minne- 
apolis, Minn.: Burgess Publishing Company, 1958.) 
4.75 dollars. 

T one time when a virus was harboured by an 

organism, be it plant or animal, without 
apparent signs of its presence, it was thought sufficient 
to speak of it as a ‘latent’ virus. With the advance 
of knowledge, however, it became clear that there 
was more than one form of latency, and various 
expressions came into use to describe the phenomenon, 
not all of which were used with the same meaning 
by different authors. These expressions included such 
terms as ‘symptomless’, ‘sub-clinical’, ‘inapparent’ or 
‘latent’. Furthermore, as it became clear that in some 
cases the lack of overt symptoms depended on 
changes in the virus itself and not on the host, the 
situation became still more confused. For example, 
a ‘masked virus’ has been defined by Shope as one 
which is not itself directly demonstrable but is 
known to be present by circumstantial evidence. 
For some virologists, however, ‘masked’ sometimes 
means ‘not infective’, for others ‘not detectable’. 
For many plant virologists masking could either 
mean that the lack of symptoms was a permanent 
natural phenomenon or that it could be brought about 
temporarily by changes in the environment. 

In 1957, a conference attended by many leading 
virologists was held at the University of Wisconsin 
Medical School, first to discuss the underlying 
mechanism of virus latency and secondly to try to 
reach some agreement on the nomenclature and 
meaning of particular terms. The results of this 
conference have now been published and the book 
is dedicated to the late Dr. Francisco Duran-Reynals 
for his staunch advocation of the role of latent viral 
infection in the etiology of cancer. 
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So far as the nomenclature of latency was con- 
cerned, agreement was finally reached on a number 
of definitions. The term ‘inapparent infection’ was 
suggested to cover the whole field of virus infections 
which give no overt sign of their presence. The 
expression ‘latent virus’ is no more, and its place 
is taken by ‘latent infection’, which is ‘inapparent 
infection’ in a chronic condition where a certain 
host — virus equilibrium has been established. The 
use of the word ‘masked’ is discontinued and ‘occult 
virus’ is substituted to describe the cases where 
virus particles cannot be detected and in which the 
actual state of the virus cannot as yet be ascertained. 
‘Occult’ viruses do not appear to fulfil Lwoff’s 
precept: ‘in order that an infection, whether 
apparent or not, should be recognized as viral, 
infectious particles have to be detected and iden- 
tified as a virus”. 

For viruses which have been shown to have develop- 
mental stages, the terms ‘provirus’, ‘vegetative virus’ 
and ‘infective virus’ are suggested. 

; As regards latency at the virus — cell level, a ‘moder- 
ate’ virus is one growing in a cell while still per- 
mitting its continued survival, a ‘cytocidal’ one kills 
the cell, and ‘sub-moderate’ covers intermediate cases. 

While these definitions may not be acceptable to 
all virologists, the conference has served a most 
useful purpose in paving the way to a more stable 
nomenclature of the subject. The discussions on the 
underlying causes of latency are stimulating and may 
help to throw some light on this fascinating partner- 
ship between virus and cell. 
KeEenneEts M. SmirH 


THE TECHNOLOGY OF 
TRANSISTORS 


Transistor Technology 

(Bell Telephone Laboratories Series.) By Members of 
the Technical Staff of Bell Telephone Laboratories. 
Vol. 1. Edited by H. E. Bridgers, J. H. Scaff, and 
J. N. Shive. Pp. xxxvii+66l. 131s. 6d. Vol. 2. 
Edited by F. J. Biondi. Pp. xiii+701. 131s. 6d. 
(Princeton, N.J.: D. Van Nostrand Company, Inc. ; 
London: D. Van Nostrand Company, Ltd., 1958.) 


HE ten years of intensive research which have 

followed the discovery of transistor action have 
been very fruitful. The two key materials, germanium 
and silicon, are now widely prepared with a purity 
and crystalline perfection unsurpassed for any 
substance ; their bulk and surface properties have 
been exhaustively examined and the results have 
enabled theoretical advances to be substantiated. 
The properties of transistors have been explained 
very fully in physical terms and suitably expressed 
for use by electrical engineers. Metallurgical, physical 
and electrolytic methods of preparing transistors— 
with their key dimension, base-width, controlled to a 
micron or so—have led to production-lines the 
combined output of which now exceeds a million 
transistors a week. The impact on electronic equip- 
ment is beginning to be felt. But while the scientific, 
technical and review publications have devoted increas- 
ing space to all sides of the subject, the more advanced 
text-books have concentrated much more on analysing 
and ‘applying the electrical properties of transistors 
than they have on describing methods of preparing 
the semiconductors and the many practical junction 
structures. 


The Bell Telephone Laboratories played a major 
part throughout these ten years, for they followed up 
their original discovery with the first junction transis. 
tor, the first measurements of drift mobility and life. 
time of minority carriers, zone refining and zone 
levelling, grown and diffused structures, the solar 
battery and other advances. There was much to 
look forward to, therefore, when it was announced 
that three volumes in the Bell Telephone Laboratories 
series of text-books were to be entitled ‘Transistor 
Technology”. But ‘technology’ has no precise mean- 
ing; the Concise Oxford English Dictionary gives 
“the science of the industrial arts”’, a definition which 
it might be argued, includes only those parts of . 
subject which have been based on empiricism. A 
wider meaning is applied here, however, particularly 
to Vol. 2, much of which is devoted to the analysis or 
prediction of the behaviour of the conventional three- 
terminal, three-layer transistor, of tetrodes and 
unipolar transistors, and of two- and four-layer 
diodes. 

Vol. 1 is primarily a history of the developments 
made before April 1952, until when the Laboratories 
had had almost a monopoly of the main advances ; 
in that month they disclosed their processes and design 
procedures to prospective licensees. What was then 
prepared is now published, with a little, but scarcely 
enough, revision in the light of later developments. 
The many comparative newcomers to the subject 
should read it, at least once. It does not demand 
much concentration, but it does convey something 
of the early atmosphere, when the subject was 
spreading so rapidly into several different fields of 
science. Some parts retain much of their importance, 
for example the preparation of germanium and the 
measurement of its key properties, while others, for 
example the fabrication of point transistors, have lost 
theirs. 

Vol. 2 deals with some of the progress since 1952; 
it is essentially the reprinting of many papers, mostly 
by authors from the Laboratories. The introductory 
remarks to the different headings, under which the 
papers are grouped, are generally too short to weld 
the collection together and are uncritical. The open- 
ing chapter, a fairly recent review of the technology 
of silicon, with 156 references, moves at such a high 
speed that few points receive detailed description ; 
but it is followed by good accounts of floating-zone 
refinement and zone levelling. The lengthy chapters 
which come next, on the design of diodes and triodes, 
contain many analyses of behaviour and include well- 
known papers by Ebers and Moll, Kingston, Moll 
and Ross, Pritchard, and Webster. Descriptions of a 
field-effect transistor and the solar battery follow; 
and the book concludes with a group of papers on 
those surface effects which have assumed import- 
ance in their own right and on which may well 
depend the reliability of transistors and hence 
the practicability of some large equipments now 
under development, each incorporating 10,000-30,000 
transistors. 

Only an interim assessment can be made of this 
large venture pending consideration of Vol. 3. But 
two points can be made already. The disjointed 
structure of Vol. 2 comes as a disappointment; 
and the undue length of some sections of Vol. 1, 
and the availability of almost all of Vol. 2 in well- 
known periodicals, promotes a sense of redund- 
ancy. The gap in text-book coverage may not 
be closed, despite the resources mustered. 

J. R. TrutMan 
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Ptaki Ziem Polskich 

Tom II. By Jan Sokolowski. Pp. 569 (66 plates). 
(Warszawa: Patistwowe Wydawnictwo Naukowe, 
1958.) Cena zl. 85. 

N'this second volume of “The Birds of Poland’, 

Sokolowski deals with the Striges, Accipitres, 
Columbae, Pterocletes, Galli, Gressores, Phoenicop- 
teri, Grues, Otides, Ralli, Laro-Limicolae, Lamel- 
lirostres (Anseres), Steganopodes, Tubinares, Podi- 
cipedes, Colymbi and Alcae, that reside in, migrate 
through, or visit Poland. He follows the same 
classification as in Vol. 1, which was reviewed in 
Nature, 182, 972 (1958). 

The wealth of interesting information and acute 
observation collected. in this volume is of great 
value to the ornithologist and the nature lover, but, 
as in Vol. 1, the generalized and organized treatment 
of the data is sadly missing. At least one of the 
author’s remarks cannot remain unchallenged. He 
states that birds which soar do so only by thermal 
lift and only between 10 a.m. and 4 p.m. (pp. 42 and 
182), but ignores the three other known sources of 
lift which are also used by birds in soaring flight : 
(a) the orographic lift during windy days over hilly 
country, which occurs at all times of day and under 
all conditions of cloud cover; (b) the wave-lift that 
occurs even under a complete cover of lenticular 
alto-stratus which enables birds such as vultures and 
kites to hang in ti.e sky on the crest of the wave, 
for hours at a time; (c) the dynamic lift at all 
hours of the day and under all conditions of cloud 
cover utilized by those experts in soaring, the gull 
and the albatross, which sweep over the water using 
the wind-gradient and the up-currents created by 
the air blowing over the waves. 


As in the first volume, the text is well illustrated 


with black-and-white drawings, but the numerous 
half-tone plates are badly reproduced from well- 
chosen photographs. It is regrettable that no scale 
is given in the colour plates, which are well drawn but 
poorly produced. The glossaries are very useful but 
contain some errors in spelling. 

B. NowosteLsk1-SLEPOWRON 


The Succession of Life through Geological Time 
By Kenneth P. Oakley and Helen M. Muir-Wood. 
Third and revised edition. Pp. vii+94 (12 plates). 
(London : British Museum (Natural History), 1956.) 4s. 
Fossil Amphibians and Reptiles 
By W. E. Swinton. Second edition. Pp. ix+118+17 
plates. (London: British Museum (Natural History), 
1958.) 5s. 
Fossil Birds 
By W. E. Swinton. Pp. vi+63+11 plates. (London : 
British Museum (Natural History), 1958.) 5s. net. 
RIGINALLY prepared as a guide to an exhibit 
/ in the Department of Paleontology of the 
British Museum (Natural History) in London ‘The 
Succession of Life through Geological Time” has 
now appeared as a third edition. Its merits may be 
judged by the fact that it has achieved the independent 
status of a junior text-book in schools and universities 
M many parts of the world. In the new edition the 
text has been brought up to date and all the plates of 
vertebrate restorations have been replaced by original 
designs. Another well-known guide, Dr. W. E. 
Swinton’s “Fossil Amphibians and Reptiles”, has also 
Sppeared in a new edition. This handbook aims at 
aie & conspectus of the subject which can be used 


Y the visitor in the galleries and also perused at 
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leisure afterwards. It includes sufficient detail to be 
of value to the advanced student as well as the general 
reader. Based on the rich series of fossils in the De- 
partment of Geology of the Museum, it refers, where 
necessary, to material in other museums, and also 
directs attention to gaps in the national collection. 
The appearance of this handbook has been followed by 
another prepared by Dr. Swinton, “Fossil Birds”. Its 
plan is similar to that of ‘‘Fossil Amphibians and Rep- 
tiles’. Unlike amphibians and reptiles, however, 
which bulk largely in the fossil record yet are of slight 
importance in the living fauna of Britain, birds form 
an outstanding feature of the living fauna all the world 
over, but are only an insignificant element in the later 
geological formations. Nevertheless, these remains, 
which are well represented in the Museum collection, 
include many of first-rate interest and importance, of 
which Archeopteryx, the first known bird, is facile 
princeps ; the original specimen of this famous ‘miss- 
ing link’ is one of the Museum’s greatest treasures. All 
three volumes are distinguished by some original designs 
by Maurice Wilson; they contribute greatly to pub- 
lications of which the Museum staff may well be proud. 


Feedback Control Systems 

By Prof. Otto J. M. Smith. (McGraw-Hill Series in Con- 
trol Systems Engineering.) Pp. xviii +694. (London : 
McGraw-Hill PublishingCompany, Ltd., 1958.) 101s. 6d. 


WIDE range of linear and non-linear control sys- 
(“\ tems are considered here, and methods described 
for the analysis and design of these various systems. 
The book is arranged simply, having four parts. In 
Parts 1 and 2 the author deals with the analysis and 
synthesis of linear systems. Linear techniques include 
descriptions of the use of s-plane plots, root locus 
constructions, the G-plane (Nyquist) polar plot, Bode 
diagram, Routh’s criterion, and impulse response 
calculation from the poles and zeros on the s-plane. 
Techniques are presented for analysis of linear systems 
with random input signals, and for their optimum 
design on the basis of minimum error power. The 
behaviour of systems containing a time-delay in the 
closed loop is considered, and the ‘Posicast’ control 
(a form of linear predictor control) of such systems is 
described. 

Parts 3 and 4 present techniques for non-linear 
systems. Much of the analysis is concerned with 
relay systems, using phase plane and describing 
function methods. Unilateral and bilateral non- 
linearities are also considered, where saturation, 
hysteresis, and backlash are included among the 
examples taken. Synthesis of non-linear systems 
employing predictor control is dealt with in some 
detail, it being assumed here that the system is of 
the saturating type. The final chapter describes the 
fundamentals of carrier type control systems. 

In general, the theory is adequately supported by 
worked examples, of which the chapters on non-linear 
systems are in fact almost entirely composed. Part 
3, which purports to deal with the analysis of non- 
linear systems, would have benefited if a complete 
account of relevant techniques had been given, to 
include omissions such as non-linear systems with 
random inputs, and sampling systems. In common 
with many modern books on the subject, too much 
emphasis is placed on detailed analysis, and too little 
on the simple basic generalities. There is, however, 
very much to recommend the book to final-year and 
postgraduate students, especially in regard to relay 
systems and predictor control. M. J. SOMERVILLE 
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CARBON MONOXIDE CONTENT OF THE BLOOD AND OTHER 
OBSERVATIONS ON WEDDELL SEALS 


By Dr. L. G. C. E. PUGH 


Division of Human Physiology, National Institute for Medical Research, London 


URING a recent study of blood carbon monoxide 

levels in men living at Scott Base, Antarctica, 
it was found by chance that the blood of a Weddell 
seal contained as much carbon monoxide as the blood 
of men who are heavy smokers. As this finding 
appeared to be of some theoretical importance, 
further samples were collected and analysed for 
carbon monoxide. 

Blood samples were obtained from seals which 
were being slaughtered to provide dog food. The 
animals were either shot or killed by a blow on the 
head with an ice-axe; blood was collected immedi- 
ately from the neck vessel, or, in some cases, from 
the wound itself. The anticoagulant used was 
heparin. The bottles containing the blood were 
carried in the pocket to prevent freezing. The 
samples were analysed on the same day, using the 
special method of Scholander and Roughton! for 
small quantities of carbon monoxide. Determinations 
of carbon monoxide on human non-smokers were 
carried out by the same method on samples of venous 
blood. Acid-base and electrolyte determinations were 
made in Christchurch, New Zealand, on a specimen 
of plasma brought back to New Zealand in the frozen 
state. The seal from which the specimen was obtained 
was a large female which was killed with an ice-axe 
as it lay asleep on the ice near Scott Base. The 
animal did not breathe again after the blow on the 
head, but the heart went on beating for about 30 min. 
The point of the ice-axe penetrated the brain near 
the mid-line, causing profuse pulsatile hemorrhage. 
Two 50-ml. nylon centrifuge tubes were filled with 
blood and closed with metal caps without trapping 
air. The samples were centrifuged within } hr. and 
the plasma transferred to a specimen bottle under 
oil. The bottle was filled completely, and the screw 
cap replaced without trapping air bubbles. It was 
then placed out of doors to freeze. Plasma bilirubin 
was determined in -London on a specimen from 
another animal. In neither of these samples was 
there any visible hemolysis. 

The results are shown in Tabies 1-4. 

It can be seen from Table 1 that the carbon 
monoxide content of blood samples taken from 
Weddell seals was on the average six times as high 
as the mean value for human non-smokers. The 
results are, in fact, comparable with the range of 
values usually found in persons who are heavy 
smokers, which is 0-5—-1-5 per cent*®.*. The oxygen 
capacity and hematocrit values were higher and the 
red-cell counts lower than normal values for man, 
implying larger red‘ cells containing more hemo- 
globin (Table 3). The large size of the red cells was 
confirmed by microscopic examination of blood films ; 
although no measurements were made, the red cells 
of blood from Weddell seals were judged to be 
9-10. in diameter, a value of 7 being assumed for 
the human red cells with which comparison was 
made. The oxygen capacity and hematocrit results 
were similar to values reported on related species of 
seal’-’. The red cell counts, on the other hand, were 
lower than the results of Harrison and Tomlinson® 
on Phoca vitulina pups (4:7-8-5 million per cu. mm.) 


and Halichoerus grypus (5-8 million per cu. mm,), 
which suggests that the red cells in the Weddell seal 
are larger than in related species. 

The plasma electrolyte values of seal No. 6 of 
Table 1 are shown in Table 4. The results are similar 
to the normal values for man, except for the high 
potassium value, which is unexplained. A specimen 
of urine from the same seal was analysed with the 
following results: specific gravity, 1-035; urea, 
2-5 gm. per cent; sodium, 138 m.equiv./l.; potas. 
sium, 47 m.equiv./l. The bilirubin a of 
a specimen of plasma from seal No. 4 was 1-5 
per cent, which may be compared with the nig 
human range of 0:3-0-:7 mgm. per cent by the 
same method. 

It has been known for some years that small 
quantities of carbon monoxide are present in human 
blood, even in persons who neither smoke nor have 
been exposed to any other source of carbon mon- 
oxide®.*. A series of papers by Sjéstrand®.!° has 
provided convincing evidence that carbon monoxide 
is formed in the body during the breakdown of 
hemoglobin to bile pigments, and is excreted quan- 
titatively via the lungs, the hypothesis being that 
one molecule of carbon monoxide is liberated when 
each of the porphyrin rings in the hemoglobin 
molecule splits. Under certain conditions carbon 


THE CARBON MONOXIDE CONTENT OF THE BLOOD OF 
WEDDELL SEALS AND HUMAN NON-SMOKERS 
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Date | (vols. per ce nt S.T.P.) 
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Table 2. OTHER OBSERVATIONS ON THE BLOOD OF WEDDELL SEAIS 








Red blood | 
corpuscles | 

(million per 
cu. mm.) 


Blood oxygen* 
capacity 
(vols. per - 


Hematocrit 
per cent 














* Corrected for residual carbon monoxide and dissolved oxyge?- 
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Table 3. H#®MATOLOGICAL VALUES FOR TWO WEDDELL SEALS (Nos. 4 AND 5) COMPARED WITH NORMAL VALUES FOR MAN (REF. 4) 


—_——— 


| Red cell count Hemoglobin 
(million Hemoglobin oxygen capacity 
percu.mm.) /|(gm. per 100 ml.)| (ml. per 100 ml.) 


Corpuscular values 
M.C.H. M.C.H.C. 


Hi tocrit 
ematocri | 
| (yy) (per cent) 


per cent 





34-0 
30-6 


6 9. 


19+ 
90+2% 


fe 





16:0 +20 
140420 











65 38°5 
62 37-2 


2942 3442 
| 29+2 8442 








~~ * Calculated from oxygen capacity on the assumption that 1 gm. hemoglobin combines with 1-36 ml. oxygen. 
M.C.V, mean corpuscular volume ; M.C.H., mean corpuscular hemoglobin ; M.C.H.C., mean corpuscular hemoglobin concentration. 


monoxide may also be oxidized in the muscles and 
in the blood®.1!-¥4. The presence of carbon monoxide 
has been demonstrated in the blood of other animals 
as well as man; in cattle, sheep and pigs the values 
found by Sjéstrand® were intermediate between the 
present figures for human non-smokers and Weddell 
seals, namely, 0-3-0-59 vol. per cent. 

In the light of these findings, the level of carbon 
monoxide in the blood of an animal at rest, and in 
the absence of absorption from without, can be 
regarded as representing an equilibrium between 
formation of carbon monoxide by the breakdown of 
hemoglobin and its elimination via the lungs. The 
rate of formation will depend on the total quantity 
of hemoglobin in the body and the survival-time of 
the red cells. Elimination will be governed by the 
carbon monoxide tension of the blood, the rate of 
ventilation of the lung alveoli and the diffusing 
capacity of the lungs for carbon monoxide. 

Which of these factors might account for the high 
content of carbon monoxide in the hiood in Weddell 
seals ? 

Total hemoglobin. The hzmoglobin concentration 
in the seals examined was 40-50 per cent higher than 
the average value for human adults living at sea- 
level. No information is available on the blood 
volume of Weddell seals, but determinations on the 
related species Phoca vitulina’ and Cystophora 
cristata’ suggest that it might be at least 50 per cent 
higher in proportion to body-weight than in man. 
In this case the total amount of hemoglobin in the 
body would be about twice as great as in man, and 
for a given red-cell survival-time, the rate of de- 
struction of blood, and therefore formation of carbon 
monoxide, would also be twice as high. Consistent 
with this is the high bilirubin content of plasma from 
one of the Weddell seals. A high plasma bilirubin 
value has also been reported in Phoca vitulina’. 

Hemolysis. We were impressed at Scott Base 
with the difficulty of preventing hzemolysis in samples 
of seal blood. Much greater care had to be taken 
with them than with human blood samples. Similar 
observations have been made by Harrison (personal 
communication). This observation suggests that the 
fragility of the red cells of seal blood may be greater 
than in man, and if this is so it would contribute to 
a high rate of destruction of blood. 

Myoglobin. Another possible, though less impor- 
tant, source of carbon monoxide is the myoglobin 
muscle, which is present in high concentration in the 
muscles of seals and is responsible for their very 
dark colour. It has been estimated that the total 
amount of myoglobin in seals is equivalent to about 
25 per cent of the total hemoglobin’. Nothing is, 
— known of the turnover of myoglobin in the 

y. 
_ Ventilation. The following scattered pieces of 
information suggest that high carbon monoxide 
values in Weddell seals may be associated with their 


habit of sleeping for prolonged periods of time on the 
ice surface, during which their ventilation may be 
very low. Seals lying on the ice within sight of our 
camp could be seen in the same position for days at 
a time. The animals from which blood samples 
were taken had empty stomachs (apart from parasitic 
worms) and in some cases the intestines also were 
completely empty, suggesting that they had been 
out of the water for a considerable time. No attempt 
was made to study ventilation in Weddell seals. It 
was recorded, however, that during sleep their 
respirations were so infrequent that patience was 
needed to see them breathe at all. When startled 
they would rear up and turn their heads to look at 
the intruder, and one could see them open their slit 
nostrils to breathe 12-13 times a minute. “\ 9rding 
to the surface-volume law" the resting ventur:*:on 
Weddell seals weighing 250 kgm. would be expe 

to be about 25 per cent lower than in man, »: 
their respiratory quotient is of the order of 0-75 when 
in the fasting state’*, the ventilation during sleep 
may well be as little as 60 per cent of the corre- 
sponding resting value in man (respiratory quotient, 
0-83), in which case pulmonary elimination of carbon 
monoxide would be reduced during sleep and the 
blood-level would gradually rise. 

Later in the season three further blood samples 
were obtained from seals which had recently appeared 
on the ice in another place near open water. The 
stomachs of these animals were full of small fish 
(Notothenia). The carbon monoxide values were 


Table 4. ACID-BASE AND ELECTROLYTE DETERMINATIONS ON A 
SPECIMEN OF PLASMA, COMPARED WITH NORMAL VALUES IN MAN 





Human plasma 
Seal plasma (venous) 
pH at 37° C. 7°43 734-7 -44 
CO, tension (mm. mercury) 40 | 40-52 
Buffer base (m.equiv./1.) 44 
Bicarbonate (m.equiv./1.) 25°8 
Plasma cations (m.equiv./1.) 
Sodium 14: 





Potassium 
Calcium 
Magnesium 


Total base (cations) 








Plasma anions (m.equiv./1.) 
Bicarbonate 
Phosphate 
Proteins 





Total buffer anions 


Chloride 
Undetermined anions 


Total fixed anions 116 106-111 
Total anions 160 147-157 
Plasma protein 
6-7 6-8 


23-35 











(mgm. per cent) 
Total non-protein nitrogen 
(mgm. per cent) 38 
Total plasma carbon dioxide 27-5 mM/l1. 

















The undetermined anions are calculated by difference between the 
total fixed anions and plasma chlorides. 
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0-30, 0-45 and 0-67 per cent with hematocrits of 
60-5, 63-5 and 55-0, respectively. Unfortunately, 
small clots were present in these samples, and the 
results were rejected. Later in England, an analysis 
was performed on a blood sample from a seal (Phoca 
vitulina) shot in the Wash by Prof. R. J. Harrison, 
and a carbon monoxide value of 0-19 vol. per cent was 
obtained. These seals, apart from their small size 
(that is, 25-50 kgm.), differ in their habits from 
Weddell seals in that they spend nearly all their 
time in the sea, coming out at low water on sand- 
banks exposed by the tide ; hence it may be assumed 
that their ventilation while they are at sea is high 
enough to keep down the level of carbon monoxide in 
the blood. 

Low resting ventilation due to the factors men- 
tioned above is consistent with a normal blood 
pCO, and pH such as was observed in the single 
plasma sample examined. It would not, however, 
be surprising to find hypoventilation with elevation 
of blood pCO,, and high oxygen extraction-rates in 
seals at rest in the natural state, since there is experi- 
mental evidence that they are insensitive to carbon 
dioxide and also tolerate extremely low oxygen 
tensions®.*. This has not, however, been observed 
under experimental conditions’*. 

Exogenous carbon monoxide. It remains to inquire 
whether there are any possible exogenous sources of 
carbon monoxide to which the Weddell seals near 
Scott Base might have been exposed. There is a 
remote possibility that carbon monoxide might be 
given off from the ooze on the sea bed and might be 
present in the ice pockets under the ice which seals 
are alleged to make use of; but there are no data to 
support this. Another possible source of carbon 
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monoxide would be the neighbouring active volcanic 
Mount Erebus, but this is ruled out by the low 
values of carbon monoxide in persons at Scott Base 
who were non-smokers. 

It seems reasonable to suggest, therefore, that the 
carbon monoxide in the blood of Weddell seals is the 
result of a balance between production of carbon 
monoxide in the body and elimination by the lungs, 
and that the high values reflect special features of 
the physiology of Weddell seals connected with their 
life under the ice and upon its surface. 


Thanks are due to Mr. J. T. Murray, of Christ- 
church Hospital, Christchurch, New Zealand, who 
performed the acid-base and electrolyte determina- 
tions, and to Prof. R. J. Harrison for a blood sample 
from a harbour seal (Phoca). 
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THE LYMPHOCYTE PROBLEM 
By Pror. J. M. YOFFEY 


Department of Anatomy, University of Bristol 


HE lymphocyte has for many years confronted 

us with a two-fold problem. The first concerns 
the rate at which lymphocytes are formed, the second 
the fate and functions of the lymphocyte once it has 
been formed. The great interest of the problem 
resides in the fact that the lymphocyte is present 
from the very beginning of vertebrate evolution, and 
may be presumed to play an essential part in the 
life of the organism. 


What is a Lymphocyte ? 

The question : ‘What is a lymphocyte ?’ is not as 
simple to answer as many have thought. The 
lymphocyte is a mononuclear cell, with a nucleus 
which may be round or indented. Lymphocytes are 
roughly classified in accordance with size as large, 
medium or small. The larger cells possess a fair 
amount of cytoplasm, sometimes basophilic. The 
most numerous—and also the most controversial— 
lymphocytes are the small variety, in man about 8. 
in diameter. These cells possess very little cytoplasm, 
often only a small tuft at one pole of the celi. The 
higa ratio of nucleus to cytoplasm is very character- 
istic of the small lymphocyte, and has led many to 
conclude that this cell functions essentially through 
its nucleus, for example, as a carrier of deoxyribo- 
nucleic acid. The small lymphocyte is also capable of 


movement of a very distinctive type. The movement 
may start quite suddenly and end equally abruptly. 
The nucleus goes first, often forming a round head, 
while the scanty cytoplasm forms a short stumpy 
tail. When not moving, the cell becomes rounded once 
again. The small thymocyte moves in the same 
distinctive manner. 


Where are Lymphocytes formed ? 


Lymphocytes in mammals are formed in the 
lymphoid tissues, which are aggregates of several 
different kinds of cells among which the lymphocytes 
predominate. Lymphoid tissue is present in all 
vertebrates. In fishes, amphibians and reptiles it is 
closely associated with the myeloid tissues which 
give rise to the red cells and granular leucocytes 
(granulocytes), and together with these it constitutes 
the so-called lymphomyeloid organs. In birds and 
mammals, most markedly in the latter, the lympho- 
myeloid tissues dissociate, and the lymphoid tissues 
seem to be quite separate from the myeloid. But the 
separation is not as complete as would at first sight 
appear. Even in mammals, there are always large 
numbers of scattered lymphocytes to be found in the 
myeloid tissues, while on the other hand, myeloid 
cells may not infrequently develop in the lymphoid 
tissues. 
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The Lymphoid Complex 


The lymphoid tissues in mammals form a complex 
consisting of: (a) lymph glands; (6) spleen; (c) 
subepithelial lymphoid tissues such as_ tonsils, 
adenoids, Peyer’s patches and appendix ; (d) thymus. 
The scattered nature of the lymphoid tissues makes it 
difficult to estimate their total amount, but they 
probably constitute 0-5-1-0 per cent of the weight 
of the body. The position of the thymus in the 
lymphoid complex has been repeatedly questioned, 
and it has been suggested that though the small 
thymocytes look very like the small lymphocytes 
they are in fact a different type of cell. On the whole, 
the balance of evidence appears to favour the inclusion 
of the thymus in the lymphoid complex, and there 
is even some evidence to suggest that it may play a 
dominant part. Differences between the various 
members of the lymphoid complex may be the result 
of circulatory and metabolic peculiarities. Thus, to 
give but one example, lymph glands are traversed 
by a stream of lymph, reaching them by afferent and 
leaving by efferent vessels. In the case of the mesen- 
teric lymph glands, the afferent lymph vessels bring 
products of digestion, whereas in the case of the 
limbs, the lymph stream contains waste products of 
tissue metabolism. 


Lymphocyte Formation 


Lymphoid tissues were among the first animal 
tissues in which mitoses were described—by Flemming 
in 1885. He noted the presence in lymph glands of 
the characteristic lymphoid nodule, a light central 
area of larger cells surrounded by a peripheral zone 
of smaller cells. It was in the lighter area that 
Flemming observed numerous mitoses, and he con- 
sidered them to be germinal contres, in which there 
was active cell proliferation. One also finds that cell 
multiplication can occur in diffuse lymphoid tissue, 
devoid of nodules. Lymphocyte formation is often 
at its most active in the thymus, where germinal 
centres are not normally found. The centres undergo 
cyclic changes ; they are also readily damaged by a 
variety of toxic substances. There may be few or no 
mitoses in either the resting or the damaged germinal 
centres. In the active centre, the growing cells show 
rapid uptake of phosphorus-32 or tritiated thymidine, 
both of which become incorporated into newly formed 
deoxyribonucleic acid, and these substances can 
readily be identified in autoradiographs. 


Estimation of Lymphocyte Production 


The histological evidence indicates that lymphoid 
tissues are regions of active lymphocyte formation. 
Many, if not all, of the lymphocytes thus formed enter 
the blood. They may do so indirectly, first obtaining 
access to the lymph stream and then being conveyed 
by it to the blood ; or directly, through the walls of 
blood capillaries in the lymphoid tissues. ‘Direct 
entry’ lymphocytes cannot be measured. ‘Indirect 
entry’ lymphocytes can be counted since the lymph 
of the entire body reaches the blood mainly through 
the thoracic duct, and to a lesser extent through the 
right lymph duct. 

It is a relatively simple procedure in most animals 
t collect the lymph from the thoracic duct, and count 
the lymphocytes which would otherwise have gone 
into the blood. One can also estimate the total 
number of lymphocytes in the blood stream. These in 
health remain fairly constant, and there is no evidence 
that they are destroyed while in the blood. The 
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number of lymphocytes entering the blood each day 
via the thoracic duct is sufficient in the dog to replace 
those already present in the blood about 2-5 times. 
This is called the ‘daily replacement factor’. The 
only way then in which the blood lymphocytes can 
maintain a constant level is for some to leave the 
blood at the same time as other newly formed cells 
are entering it. This at once raises the problem: 
Where do the lymphocytes leave the blood ? 


Is there a Lymphocyte Circulation ? 


The continued entry into the bloodstream of large 
numbers of newly formed lymphocytes has been 
questioned by several observers, who have suggested 
that what is really happening is the continuous 
circulation of lymphocytes between blood and lymph. 
There is no doubt that a small proportion of lympho- 
cytes do circulate in this way, and it may be that in 
some species the number of recirculating cells is 
greater than in others. But the evidence on the whole 
indicates considerable new formation of cells in the 
lymphoid tissues. This has been estimated by mitotic 
counts, and by the rapid uptake of labelled deoxy- 
ribonucleic acid precursors. 


Fate of the Lymphocyte 


There are not many regions of the body which 
might be in need of a constant influx of cells. The 
most probable tissue appears to be the bone marrow, 
and quantitative studies indicate that it has a sur- 
prisingly large population of lymphocytes, which do 
not appear to be formed in the marrow. But why 
should the marrow be in need of continual cellular 
replenishment ? Many have held that the lympho- 
cyte is a primitive and multipotential cell, capable of 
developing into the other blood cells. This view, 
however, has been strongly contested by others, who 
have maintained that the small lymphocyte is a 
mature cell without any developmental potentialities 
whatever. 


Defence Function of Lymphoid Tissue : 
Genetic Plasticity 


If the lymphocyte cannot function as a primitive 
multipotential cell, is there any other function which 
we can assign to it? It has been thought to possess a 
defensive role, and in recent years it has been shown 
that many of the cells in lymphoid tissue can produce 
antibodies to foreign protein. This is a remarkable 
property, which probably involves genetic changes in 
the cells. It requires a primitive and undifferentiated 
cell, presumably, to be able to develop new secretions 
in response to new stimuli. It is not difficult to accept 
the view that such a cell, capable of producing on 
demand a variety of antibody globulins, should 
also be able to give rise to substances such as hemo- 
globin. 


Cell Transfusion Experiments 


The lymphoid cells, as also those of the bone 
marrow, are very sensitive to radiation. Severe 
radiation will kill the great majority of these cells, 
and after a while death of the organism results. It 
can, however, be prevented by giving the animal an 
intravenous transfusion of cells from the bone 
marrow of a normal animal. The transfused cells 
colonize the bone marrow of the recipient, as has been 
elegantly demonstrated by transfusing cells with 
unmistakable biological markings. If the lymphocyte 
is a primitive cell, then lymphocyte transfusions 
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should protect in the same way; but there are no 
convincing experiments to this effect. 

Marrow transfusion experiments do, however, show 
that the marrow can take up cells from the blood 
stream rapidly and in large numbers. In such cases 
there is, furthermore, rapid regeneration of thymus 
and lymph glands. In all these instances the trans- 
fused cells function presumably as homografts, and 
if so it would follow that transfused marrow cells can 
colonize lymphoid tissues. In fact, if a small amount 
of marrow is shielded during severe irradiation, 
recovery of the animal and regeneration of its lymph- 
oid tissues will usually follow. 
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Cellular Migration Streams in the Normal 
Animal 


The trend of work in recent years has been to 
suggest that, through the blood, lymphocytes may 
stream in either direction between the lymphoid 
complex and the bone marrow, and also between the 
different parts of the lymphoid complex. The thymus 
may exert some chemical influence on the other 
members of the lymphoid complex, or it may send 
continuous cellular reinforcements to them. The 
blood appears to be the great pathway for all these 
cellular migrations from one tissue to another. 


ELECTRICAL DOUBLE LAYER IN COLLOID SCIENCE 


EARLY one hundred physical chemists, from 

academic and industrial laboratories, attended 
a one-day informal discussion sponsored by the 
Colloid and Biophysics Committee of the Faraday 
Society and held on September 16 in the Chemistry 
Department of the Royal College of Science, London, 
at the invitation of Prof. R. M. Barrer and his staff. 

The practical significance of electrokinetic effects 
was reflected in the wide range of materials which 
had been studied by different speakers—for example, 
polyelectrolytes in solution, dispersions of inorganic 
oxides or synthetic resins, oil-in-water emulsions 
stabilized by monolayers of detergents or macro- 
molecules, organic salts in non-aqueous solvents 
(relevant to the paint and petroleum industries), a 
concentrated inorganic sol, and membranes of ion- 
exchange resins (similar to those now coming 
into use for electrodialytic de-salting of brackish 
water). 

Four of the electrokinetic effects were discussed, 
namely, electrophoresis, streaming currents, electro- 
viscosity and electro-osmosis ; but it is recognized 
that these are equivalent experimental means of 
studying the mechanical properties of the electrical 
double layers which are to be found at almost all 
interfaces, and which are largely responsible for such 
widely different practical effects as, for example, the 
stability of soap emulsions, stickiness of clay soils, 
and the dangerous electrostatic charges sometimes 
encountered when petroleum products are pumped 
through metal pipes. The discussion, however, was 
concerned with fundamental problems of the origin 
and structure of double layers and the quantitative 
theory of their effects. These are by no means 
new problems ; but as the chairman, Sir Eric Rideal, 
reminded the meeting, electrokinetic effects are among 
the easiest to detect and the most difficult to 
interpret. 

Prof. J. Th. G. Overbeek and Dr. B. van Geelen 
(Utrecht) reported a comprehensive study of electro- 
phoresis and electrical transport iv solutions of poly- 
methacrylic acid partially neutralized by sodium 
hydroxide and containing between 10-* and 10-1 M@ 
sodium chloride. The mobility of the chloride ions 
is little affected by the presence of the poly-ions 
(from which, of course, they are repelled), but the 
mobility of the sodium counter-ions is low, par- 
ticularly when the polymethacrylate ions are highly 
charged and the ionic strength is low; indeed, the 
majority of the counter-ions are then carried along 


with the poly-ions. The mobility of the poly-ions 
increases, as to be expected, with increasing charge, 
though less than linearly. Quantitative treatment of 
such effects in terms of current theories! of poly- 
electrolytes is only partially successful. Rather 
drastic refinements will have to be introduced into 
the theories. It was pointed out that in electro- 
phoresis of polyelectrolytes the polymer coil is more 
nearly ‘free-draining’ than in sedimentation or 
diffusion because of the migration of the counter-ions 
through the coil. 

Dr. P. J. Anderson (Atomic Energy Research 
Establishment, Harwell) surveyed recent studies? of 
dispersions of several inorganic oxides (for example, 
the dioxides of titanium, zirconium and thorium) in 
dilute imorganic electrolytes. The electrophoretic 
velocities of the particles were translated into 
¢-potentials and electrokinetic charge densities (c) 
by use of the standard Gouy—Chapman theory and 
its modern refinements for electrophoresis (Henry, 
Overbeek). The values of o, regarded as due to 
adsorption of ions from solution on to an inert 
surface, provide an adsorption isotherm which is 
generally of the Langmuir form, and the constant of 
the isotherm is a measure of the adsorbability of the 
ions. The usual effects of ion valence are found with 
the oxides, provided allowance is made for specific 
(chemical) effects of lattice ions, and the order of 
adsorbability in a series of ions of given valence can 
often be correlated with their polarizabilities, etc. 
An outstanding problem is why saturation of adsorp- 
tion, calculated from the isotherms, would correspond 
to only about 1 ion per 1000 A.* of surface, or 1 per 
cent of the surface available. If the adsorption 
model is a valid interpretation of electrokinetic data 
for such surfaces, the results suggest that adsorption 
occurs only on special sites—perhaps point defects 
or dislocations. 

Dr. D. A. Haydon (Imperial College of Science and 
Technology, London) discussed the results of a 
critical investigation of the interface between petro- 
leum ether and solutions of sodium dodecyl sulphate 
and dodecyl trimethylammonium bromide in water, 
with and without excess sodium chloride. The 
surface charge densities (c) of adsorbed detergent 
were determined from measurements of interfacial 
tension by application of the Gibbs equation (in its 
appropriate forms). From these results a surface 
potential (,) was calculated, assuming a Gouy-type 
diffuse double layer of counter-ions, but with allow- 
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ance for the size of the ions. Stern adsorption, on 
the available independent evidence, was considered 
unlikely in this system. The ,-potentials so obtained 
were in reasonable agreement with phase-boundary 
potentials determined directly by a vibrating-plate 
electrometer, though the latter were slightly lower 
with substrate concentrations above 0-01 M, sug- 
gesting that a small proportion of the counter-ions 
penetrates between the detergent ions. A striking 
difference, however, was found between the ,-poten- 
tials and the {-potentials determined by micro- 
phoresis; (¢ was always less than y,, often less 
than 4,. Furthermore, changes of € and wt, did not 
necessarily follow one another in sign ; in the presence 
of excess sodium chloride ¢ passed through a maxi- 
mum with increasing concentration of anionic deter- 
gent, whereas ), showed no maximum, nor was @ maxi- 
mum exhibited by the cationic detergent. These 
results seem to point to the conclusion that only a 
fraction of the diffuse double layer is sheared off in 
electrokinetics, the ‘plane of shear’ depending on , 
and on charge density, which perhaps cause some 
modification of the properties of water in the vicinity 
of the fixed monolayer. In discussion, Prof. Overbeek 
mentioned calculations which suggest that water 
might be immobilized in that part of the double layer 
where the field strength is greater than about 
500,000 V. em.-}. 

These ideas were supported by Dr. J. A. Kitchener 
and Dr. J. H. Schenkel (Imperial College of Science 
and Technology, London), who had made electro- 
phoretic measurements in the course of studying the 
stability of a model suspension consisting of 10-p 
spheres of surface-sulphonated polydivinyl benzene 
resin. The surface charge density of ionizing —SO,H 
groups, determined by ion-exchange, was of the 
order of 10° e.s.u. em.-2, but o calculated from the 
mobilities was only around 2 x 10% and, surprisingly, 
increased with addition of indifferent electrolyte. 
Since adsorption of co-ions on this highly ionogenic 
surface seems most unlikely, the results suggest a 
variable plane of shear in electrophoresis, an idea 
which was supported by the observation that ¢ was 
reduced by addition of a non-ionic polymer. How- 
ever, the system is complicated by the polyelectrolyte 
character of the surfaces, and Dr. D. C. Henry 
(Manchester) mentioned that in recent measurements 
of the surface conductivity of a similar material he 
had obtained much higher values than any previously 
reported for this quantity and suggested that a 
correction for the influence of surface conductivity 
might remove some of the anomalies. 

Dr. H. W. Douglas (Liverpool) reported an investi- 
gation of the electrophoresis of a synthetic poly- 
carboxylic acid having a hydrocarbon-ester backbone 
and an equivalent weight of about 250. This poly- 
electrolyte was studied in free solution in a Tiselius 
apparatus and also adsorbed on oil droplets (by the 
microscopic method). The mobility increased with 
PH from 2 to 6 and remained constant from 6 to 9 ; 
it decreased with increase of ionic strength. It was 
remarkable that the mobilities of the poly-ions were 
very sirnilar to those of the coated droplets. (Prof. 
Overbeek confirmed this also for polymethacrylic 
acid.) ‘The surface charge density at high pH was 
estimated to be around 50,000 e.s.u. em.-*, which 
was five to ten times that found by electrophoresis. 
Again a strong retention of counter-ions near the 
Poly-ion is indicated. Furthermore, o calculated 
from electrophoresis was found to increase with 
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increasing concentration of sodium chloride at, for 
example, pH 9. 

A paper by Prof. A. J. Rutgers (with Drs. M. de 
Smet and W. Rigole, of the University of Ghent) on 
streaming currents with non-aqueous solutions pro- 
vided a glimpse of a different aspect of electro- 
kinetics*. Prof. Rutgers described new results for 
solutions of tetra-iso-pentile ammonium-picrate in 
benzene (0-1,000 umole/l.) streaming through long 
capillaries of various widths, wide capillaries of 
various lengths, a cylindrical slit or a system of 
closely fitting glass rings. Under some conditions, 
turbulence occurred with a consequent non-linear 
increase of the streaming current with increase of 
pressure. The currents were very small (10-1*- 
10-1 amp.) and special precautions were taken to 
collect them without loss. High (-values (for 
example, —280 mV.) were obtained with dilute 
solutions provided the capillaries were wide enough 
to exceed the thickness of the double layer, and long 
enough to exceed the value Vt, where t is the time 
of relaxation of the solution and V the mean velocity. 
A quantitative treatment of the effect of length and 
width of the tube has been developed, with allowance 
for the current carried by conduction and convection 
and by the glass itself. As predicted from the 
equations, a potential of several volts can be detected 
with dilute solutions flowing through a glass capil- 
lary. 

Dr. R. H. Ottewill (Cambridge) reported work on 
the electro-viscous effect which he had carried out 
with Prof. Overbeek at Utrecht‘. The effect is the 
apparent enhancement of viscosity observed in col- 
loidal solutions or suspensions owing to the presence 
of electrical double layers around the particles. (With 
solutions of polyelectrolytes another factor, the 
expansion of the macromolecules, is sometimes also 
included under the term ‘electroviscous effect’.) The 
system studied was a concentrated sol of silver iodide. 
The volume concentration and total electrolyte con- 
centration were varied, and the apparent viscosity 
determined in a capillary viscometer at mean shear 
rates ranging from 200 to 2,000 sec.-1. At high con- 
centrations of electrolyte the viscosity was practically 
Newtonian and could be accounted for by purely 
hydrodynamic interaction between the suspended 
particles. In dilute solutions of electrolyte a strong 
electroviscous contribution enhanced the viscosity. 
Furthermore, the viscosity decreased with increasing 
rate of shear. The effects can be understood in terms 
of interaction between the diffuse double layers of 
neighbouring particles: at high rates of flow the 
counter-ion cloud becomes elongated and therefore 
interacts less with that of particles in adjoining flow 
lines. 

The final two papers were concerned with a very 
different system, namely, membranes of ion-exchange 
resin. Electro-osmosis in such resins was first proved 
by the observation that their electrical conductivity 
is significantly higher than can be accounted for by 
the intrinsic mobility of the mobile ions (‘internal 
counter-ions’), as determined by measurements of 
self-diffusion. It is clearly demonstrated by the fact 
that the passage of an electrical current through the 
material transports water in the direction of move- 
ment of the counter-ions. The system differs from 
the capillaries and porous plugs of classical electro- 
osmosis in that the solid wall is here replaced by a 
cross-linked polymer network and the inter-chain 
distance is not much greater than the mean distance 
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of spread of the counter-ions from the chains. Despite 
superficial differences, therefore, this system has 
certain similarities to the polyelectrolytes considered 
in earlier papers in the discussion. 

Drs. D. Mackay and P. Meares (Aberdeen) reported 
systematic studies* of electrical conductivity and 
electro-osmotic water transport through a highly 
swollen membrane of a phenolsulphonic acid resin in 
sodium form and in equilibrium with sodium chloride 
solutions of 0-01—-1_M sodium chloride at 15°, 25° 
and 35° C., and also with mixed sodium and hydrogen 
forms of resins at two concentrations of electrolyte. 
These results were interpreted in conjunction with 
those previously obtained for the self-diffusion of 
sodium and chloride ions through the same resins. 
It appears that the conductivity of the sodium form 
of the resin in contact with very dilute solutions is 
simply equal to the sum of the ionic mobilities and 
electro-osmotic velocity ; but at higher concentra- 
tions the conductivity is lower than that calculated 
in this way. It was suggested that this might be due 
to decreasing electro-osmotic velocity and particularly 
to its effect on the mobility of co-ions, which 
apparently have a different migration mechanism 
from the counter-ions. The velocity of electro- 
osmotic streaming of solution through the mem- 
brane was found to be proportional to the potential 
gradient. 

In contrast to this result, Drs. G. J. Hills, P. W. M. 
Jacobs and N. Lakshminarayanaiah (Imperial College 
of Science and Technology, London) reported that 
they had repeatedly observed that the volume of 
solution electro-osmotically transported per faraday 
increased with decreasing current density in the range 
below 20 m.amp. cm.-*: the effect seemed to be well 
outside the experimental errors. However, at higher 
current densities the anomaly disappeared. Measure- 
ments on membranes of polymethacrylic acid and 
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phenolsulphonic acid in equilibrium with dilute 
aqueous solutions of the chlorides of lithium, sodium, 
potassium, rubidium and cesium were reported, 
Water-transport was a little greater with lithium 
than’ with cesium, but considerably greater in the 
phenolsulphonic acid membrane than in the poly. 
methacrylic acid (for example, 28 moles of water per 
mole of sodium ion in the former, compared with 11 
in the let‘sr), Part of this water might be carried 
in a sol-acicn sheath and the remainder by ‘electro. 
convection’, that is, by flow of the internal solution. 
However attempts to separate the two by cal- 
culatins, « mean electro-convective velocity from a 
combination of electrical conductivity and _self- 
diffusion coefficients, using the Nernst—Einstein 
equation, have not been encouraging. The difficulty 
probably arises from the non-uniform composition of 
the mobile medium inside the internal diffuse double 
layer. In this system, therefore, as in electro- 
phoresis, a more precise model of the double layer 
seems to be called for if a quantitative treatment of 
the electrokinetic effects in terms of structure is to 
be achieved. 

Dr. Hills emphasized in a discussion with Prof. 
Rutgers that he did not think that a classical electro- 
kinetic approach to transport in ion-exchange 
membranes was appropriate. 

J. A. KirtcHENER 
D. A. Haypon 


1 Hermans, J. Polymer Sci., 28, 527 (1955). Overbeek and Stigter, 
Rec. Trav. Chim., 75, 543 (1956). Fujita, ibid., 76, 798 (1957). 
Longworth and Hermans, J. Polymer Sci., 26, 47 (1957). van 
Geelen, Ph.D. thesis (Utrecht, 1958). 

* Anderson, Proc. Second Int. Congr. Surface Activity, 1957, 3, 67; 
Trans. Faraday Soc., 54, 131, 562 (1958). 

* of, — et al., Trans. Faraday Soc., 48, 635 (1952); 58, 393 
(1957). 

‘of, ma van Schooten and Overbeek, J. Colloid Sci., 8, 64 
(1953). 

5 cf. Meares, J. Chim. Phys., 55, 273 (1958). 


THE YARD AND THE POUND (AVOIRDUPOIS) FOR 
SCIENCE AND TECHNOLOGY 


HE directors of the following standards labor- 

atories have discussed the existing differences 
between the values. assigned to the yard and to the 
pound in different countries: Applied Physics 
Division, National Research Council, Ottawa, Can- 
ada ; Dominion Physical Laboratory, Lower Hutt, 
New Zealand ; National Bureau of Standards, Wash- 
ington, United States; National Physical Labora- 
tory, Teddington, United Kingdom ; National Phys- 
ical Research Laboratory, Pretoria, South Africa ; 
and National Standards Laboratory, Sydney, Aus- 
tralia. To secure identical values for each of 
these units in precise measurements for science and 
technology, it has been agreed to adopt an inter- 
national yard and an international pound having the 
following definitions: the international yard equals 
0-9144 metre; the international pound equals 
0-453 592 37 kgm. 

It has also been agreed that, unless otherwise 
required, all non-metrie calibrations carried out by 
the above laboratories for science and technology on 
and after July 1, 1959, will be made in terms of the 
international units as defined above or their multiples 
or submultiples. 


The new international units conform with the 
recommendations of the Board of Trade Depart- 
mental Committee on Weights and Measures Legis- 
lation (the Hodgson Committee), but the Board of 
Trade points out that the units will have no statutory 
force and may not be used for trade purposes in the 
United Kingdom. The yard and pound units to be 
used in trade are the imperial units laid down in the 
Weights and Measures Act, 1878. 

The values of the yard currently in use in the 
British Commonwealth and the United States of 
America are as follows, when expressed in terms of 
the metre: 1 imperial standard yard = 0-914 3972 
metre; 1 Canadian yard = 0-9144 metre; 1 yard 
as at present used by the National Physical Labor- 
atory for science and technology, based on the 1922 
value of the imperial standard yard = 0-914 398 41 
metre; 1 United States yard = 0-914 401 83 metre. 

As the imperial standard yard is about 5 parts 
per million (0-0002 inch) less than the United States 
yard (which is defined in terms of the metre) and is 
shortening at the rate of more than one-millionth of 
an inch per annum, the consequent discrepancies 
measurements of length are important in modern 
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precision engineering. To give two examples, it is 
necessary to know the lengths of the highest grade 
block gauges accurately to one part per million, and 
the permissible error on accurate yard scales is 
0-0001 inch. Though the National Physical Labor- 
atory, by using the metre and wave-lengths of light 
and by adopting the 1922 value of the imperial 
standard yard in relation to the metre, has been able 
to stabilize its basis of reference for length measure- 
ments in terms of the yard and its common sub- 
multiples for science and technology, unification of 
the yard standard for these purposes in the British 
Commonwealta and the United States can no longer 
be delayed. 

With regard to the pound, the values currently 
in use when expressed in terms of the kilogram are : 
1 imperial standard pound = 0-453 592 338 kgm. ; 
1 Canadian pound = 0-453 592 43 kgm.; 1 United 
States pound = 0-453 592 4277 kgm. 

There is evidence that the imperial standard pound 
has diminished by about 7 parts in 10 millions since 
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1846. It is about 2 parts in 10 millions (0-0014 grain) 
smaller than the United States and Canadian pounds, 
which are defined in terms of the very closely safe- 
guarded international prototype kilogram. Though 
the discrepancy between the pounds is not at present 
causing any technical difficulty, the co-existence of 
independently defined pounds is unsatisfactory in 
science and technology. 

The agreed international values of the yard and 
the pound fall between the existing United States 
and British units, and the international yard, which 
is the same as the Canadian yard, accords exactly 
with the relationship 1 inch = 25-4 mm., which is 
alre dy extensively used in Great Britain and 
abroud for approximate conversions. The adoption 
of the international values of the yard and the 
pound will be of particular benefit to all those 
concerned with accurate measurements of length 
and mass for scientific and technological purposes 
in the British Commonwealth and the United 
States. 


OBITUARIES 


Dr. John Jackson, C.B.E., F.R.S. 


Dr. Jonn Jackson died in Epsom Hospital on 
December 9 at the age of seventy-one. His interest 
in astronomy was aroused when he studied under 
Prof. Ludwig Becker at the University of Glasgow. 
There he received a thorough grounding in celestial 
mechanics and in spherical astronomy. From Glas- 
gow he proceeded to Trinity College, Cambridge, and 
was placed among the Wranglers as a result of the 
Mathematical Tripos Examination in 1912 and was 
awarded the Tyson Medal and Sheepshanks Exhibi- 
tion. In 1914 he received the first Smith’s Prize. 

His attention was directed to the problem of 
retrograde satellite orbits and, in particular, to the 
motion of Jupiter’s eighth satellite. This satellite 
had been discovered by Melotte at the Royal 
Observatory, Greenwich, in 1908. It was the first 
satellite of Jupiter with a retrograde motion to be 
discovered and, because of the perturbing action of 
the Sun, its movement is very complicated. Observa- 
tions of this satellite are difficult to obtain and are 
few in number, so that its orbit is even now rather 
uncertain. In 1914 Jackson was awarded the Mac- 
kinnon Studentship of the Royal Society for research 


observations of these systems were used to infer 
their parallaxes and Jackson derived the hypothetical 
parallaxes of 556 systems. 

In 1924 the Shortt free-pendulum clocks were 
introduced at the Observatory as the standards of 
time, replacing the regulator clocks that had pre- 
viously been used. Jackson, in conjunction with 
W. Bowyer, discussed their performance and showed 


that, as a result of the nutation of the Earth’s axis, 


sidereal time was not uniform. As a result of these 
investigations, astronomers have since had to dis- 
tinguish between apparent and mean sidereal time. 
Jackson looked into the possibility that the accurate 
time-keeping of these clocks might provide informa- 
tion about the variability in the rotation of the 
Earth, but concluded that they were not sufficiently 
accurate to give trustworthy determination of the 
variability. 

Another important piece of work, undertaken in 
collaboration with Dr. H. Knox-Shaw, the Radcliffe 
Observer at Oxford, and his assistant, Mr. Robinson, 


was a careful reduction of the observations of the 


Sun, Moon, planets and stars, which had been made at 
the Radcliffe Observatory, Oxford, during the years 
1774-98 by Hornsby. These observations had not 


been reduced and, for their epoch, were of high 
accuracy. Such early positions of these bodies are 
of value in connexion with the determination of the 
proper motions of the stars, and the investigation of 
the orbits of the Sun, Moon and planets. 

In 1933 Jackson was appointed H.M. Astronomer 
Royal at the Royal Observatory, Cape of Good Hope, 
and held that position until his retirement in 1950, 
when he returned to Great Britain to take up 
residence. The Cape Observatory has a long tradition 
of accurate meridian and astrometric observations. 
The principal programmes of observation undertaken 
during Jackson’s tenure of office were fundamental 
meridian observations with the Gill transit circle, the 
determination of positions and proper motions of 
stars, the determination of parallaxes of southern 
stars and the preparation of a photographic catalogue 
of southern stars between 30° 8. and the South Pole. 


on the motion of this satellite, but shortly afterwards 
he was appointed chief assistant at the Royal Observ- 
atory, Greenwich. He remained there for nineteen 
years and, during that time, he entered fully into 
og programmes of observation that were under- 
taken. 

His first important work at Greenwich was con- 
cerned with the observations of binary stars that 
had been made there with the 28-in. refractor over 
& period of many years. These observations had been 
published in the annual volumes of Greenwich 
Observations, but no use had been made of them. 
He determined the orbits of a number of these binary 
systems, and combined the observations made at 
Greenwich with those that had been made elsewhere. 
For many of the systems, the periods of which were 
long, observations have not been extended over 
sufficient years for orbits to be derived; but the 





82 NATURE 


Under his direction, Dr. R. H. Stoy, who, on Dr. 
Jackson’s retirement, succeeded him as H.M. 
Astronomer, undertook the determination of the 

itudes of the brighter southern stars, which 
has established the photometry of the southern stars 
on @ satisfactory and accurate basis. 

During the Second World War the staff at the 
Observatory was much reduced, many members 
having left to undertake war-work of various sorts. 
Nevertheless, the output of observations continued 
at a remarkably high rate, Dr. Jackson himself being 
an assiduous observer. 

Among his other interests was the observation of 
total eclipses of the Sun. While at Greenwich he 
obtained successful observations of the total eclipse 
of 1927 at Giggleswick anc that of 1932 at Parent in 
Canada. He had also led an eclipse expedition to 
Alor Star, Kedah, Malaya, in 1929, when clouds 
unfortunately prevented observations being obtained. 
In 1940, when the War prevented the eclipse expedi- 
tion from Greenwich proceeding to South Africa for 
the observation of the total solar eclipse in that year, 
the instrumental equipment was sent to South Africa, 
and under Jackson’s direction the eclipse was 
observed under clear conditions at Calvinia in Cape 
Province. 

Dr. Jackson was elected a Fellow of the Royal 
Astronomical Society in 1913 and served as secretary 
during 1924-29. After his return to Britain he was 
elected president of the Society for the period 1953— 
55. He was elected a Fellow of the Royal Society in 
1938. He was president of the Commission on 
Meridian Astronomy of the International Astro- 
nomical Union during 1935-38, and president of the 
Commission on Parallaxes and Proper Motions during 
1938-52. In 1952 he was awarded the Gold Medal 
of the Royal Astronomical Society for his work on 
stellar parallaxes and his contributions to the general 
problems of star positions and proper motions. 
Last year he was awarded the Gill Medal of 
the Astronomical Society of South Africa for his 
important contributions to astronomy during his 
period as H.M. Astronomer. He was made C.B.E. 
in 1950. H. Spencer JONES 


Sir James Myers, O.B.E. 
Sir James Myerrs, whose death was reported 
recently, had been associated with Manchester 


throughout his academic life. He was graduate in 
chemistry of Manchester, he served for a period as 
senior lecturer in chemistry and as secretary and 
tutor of the Faculty of Science of the University, 
and then, after a period as principal of the Man- 
chester College of Technology, he was director of the 
School of Education of the University of Manchester. 

Sir James was principal of the Manchester College 
of Technology during 1938-5l—a period of very 
obvious difficulty. He had been a prominent member 
of the Faculty of Science in the University of Man- 
chester, and it was hoped that he would consolidate 
relationships between the College as the Faculty of 
Technology and the rest of the University ; instead, 
he was thrust into the hurly-burly of adaptation to 
the war effort. Under his guidance the College per- 
formed sterling work in both the educational and 
industrial fields. 

There is little doubt, however, that he was not in 
his element in this sort of capacity ; he preferred a 
slower-moving philosophical life. This was not to 
be, however. When the War ended, the College was 
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one of the first university institutions to proceed 
with extensions, and the trials and tribulations of 
this activity again fell largely on his shoulders. It 
was not surprising that, in 1951, after receiving a 
knighthood for his services to technological education, 
he withdrew to the more peaceful pastures of the 
School of Education in Manchester. 

I had the privilege of working under him for six 
years. He was a delightful person to know—full of 
warm humanity, of witty stories told with a strain 
of philosophy that left its mark, of wise advice to 
his subordinates. He was a gentleman in every sense 
of the word, and his influence on the College will be 
felt for a long time. H. Lipson 


Dr. Kenneth W. Neatby 


Dr. KENNETH W. NezEatsBy, director of Science 
Service in the Canada Department of Agriculture, 
died on October 27. His death will be a very distinct 
loss to agricultural science and particularly to his own 
Service, which he has been directing for the past 
twelve years, and in which he was successful in 
building an effective research atmosphere. During 
the spring and summer of 1958, he had been instructed 
to take the lead in the formation of a Research Branch 
in the Canada Department of Agriculture through the 
amalgamation of Science Service and the Experi- 
mental Farms Service. 

Dr. Neatby’s career in research began with his 
appointment, in 1926, to the staff of the Dominion 
Rust Research Laboratory in Winnipeg. In addition 
to the actual development of varieties of wheat that 
were resistant to stem and leaf rust, he began a series 
of intensive studies of the inheritance of resistance to 
rust in wheat. Out of his work there came a much 
clearer understanding of the relation between the 
genes for resistance to rust and the various physio- 
logical races of the rust organism. This formed the 
foundation for work that is still going on and becoming 
increasingly valuable in our understanding of the 
cereal rust problem. 

In 1935, Dr. Neatby went to the University of 
Alberta in Edmonton as head of the Department of 
Field Crops. This was perhaps the beginning of his 
intense interest in education, particularly for 4 
research career in biology. His writings and addresses 
on this subject have undoubtedly had an important 
influence on the course of agricultural education and 
research in Canada. Some excerpts from an address 
given at Macdonald College are examples of his 
thinking: “The student who allows the laboratory 
to keep him from the library, thereby depriving 
himself of the influence of great men of the past in 
other fields of learning, as well as his own, may become 
a competent technician but he is unlikely to become 
an influential scientist.” “‘We hear a lot about 
training for research, but surely this is either a con- 
tradiction in terms or a misapplication. Fruitful 
research depends on knowledge, imagination, ideas 
and dogged perseverance, not on techniques derived 
by formal training, essential as these may be.” 

During 1940-46, Dr. Neatby was director of the 
Farm Service of the North-West Line Elevators 
Association at Winnipeg. Here, he gained a first- 
hand knowledge of agricultural problems and became 
very conscious of the need for first-class research work 
in agriculture. From 1946 on, as director of Science 
Service, he built up an organization which has 
become very well known for its contributions ™ 
biology. C. H. GovuLpEN 
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NEWS and VIEWS 


The Russian Artificial Planet 


Tue final stage of a Russian multi-stage rocket, 
launched at about 17.00 hr. v.t. on January 2, flew 
past the Moon to become the first artificial planet of 
the Sun. The final-stage rocket is stated to have 
weighed 1,472 kgm. (3,245 Ib.) after all its fuel was 
burnt, and its pay-load of scientific instruments, 
together with the container, weighed 361-3 kgm. 
(797 lb.). The instruments were intended to measure 
the Moon’s magnetic field, the intensity and com- 
position of cosmic rays, lunar radioactivity, the 
impact of meteors and the composition of the Moon’s 
atmosphere. The rocket was also equipped with 
radio transmitters operating on some or all of the 
frequencies 183-6, 19-997, 19-995, 19-993, 71-2 
and 212 Mce./s. The programme of scientific 
measurements is stated to have been successfully 
accomplished before radio contact was lost on 
January 5. 

The rocket left the Earth with a speed of 7 miles/ 
sec., and when it was about 75,000 miles out, at 
00.57 hr. u.T. on January 3, it emitted a cloud of 
sodium vapour which was observed from the Earth 
as a glow in the constellation of Virgo. By 10.00 hr. 
u.t. on January 3 the rocket was 130,000 miles from 
the Earth’s surface, at longitude 40° W. and latitude 
8° §. The rocket passed the Moon, at a distance of 
4,700 miles from its surface, at 02.59 hr. vu.T. on 
January 4 and was then moving at a speed of 1-5 
miles/sec. away from the Earth. Since the Moon was 
near last quarter at the time of the launching, the 
rocket’s path was nearly tangential to the Earth’s 
orbit ; the rocket’s orbit around the Sun, therefore, 
has almost the same perihelion distance as the 
Earth’s orbit, though the aphelion distance is greater 
because of the rocket’s greater speed at perihelion. 
Its orbit is inclined at only a small angle to the 
plane of the ecliptic and the distance from the Sun 
is expected to vary between a minimum of 91 million 
miles and a maximum of 122 million miles. The 
period of revolution will be about 450 days, with the 
first perihelion on about January 14. 


New Year Honours 


Tae following names of scientists and others 
associated with scientific work appear in the New 
Year Honours list : 

Baronet : Kenneth W. M. Pickthorn, during 1935— 
50 member of Parliament for the University of 
Cambridge, for political and public services. 


(.H.; Sir John Beazley, emeritus professor of 
classical archeology, University of Oxford, for ser- 
vices to scholarship. 


Knights : Prof. Alexander W. G. Ewing, director of 
the Department of Education of the Deaf, University 
of Manchester ; Stuart Gillett, lately chairman of the 
Tanganyika Agricultural Corporation ; Henry R. F. 
Harrod, University lecturer in economics, University 
of Oxford ; Dr. Reginald P. Linstead, rector of the 
Imperial College of Science and Technology, Univer- 
sity of London; Dr. Douglas W. Logan, principal 
of the University of London; Kelvin T. Spencer, 

scientist, Ministry of Power; Prof. 
Arthur P. Thomson, professor of therapeutics and 


dean of the Medical School, University of Birming- 
ham. 


K.B.E.: Albert E. Axon, chancellor of the 
University of Queensland, for public services ; George 
W. H. Gardner, director of the Royal Aircraft Estab- 
lishment, Farnborough (Ministry of Supply); Prof. 
Marcus L. E. Oliphant, director of the School of 
Research in Physical Sciences, National University, 
Canberra ; Geoffrey S. Peren, principal of Massey 
Agricultural College, New Zealand; Sir George 
Wilson, chairman of governors, West of Scotland 


Agricultural College. 


C.B.: Air Commodore R. H. E. Emson, director 
of air armament research and development, Ministry 
of Supply ; W. B. Littler, director-general (scientific 
research (munitions)), Ministry of Supply; J. W. 
Stork, director of studies, Britannia Royal Naval 
College, Dartmouth; A. A. Part, under-secretary, 
Ministry of Education. 


C.M.G.: T. H. Searls, lately director, Universities 
and Adult Education Department, British Council ; 
Prof. H. C. Webster, professor of physics, University 
of Queensland, for services to the Federal Govern- 
ment of Australia. 


C.B.E.: Dr. Muriel E. Bell (Mrs. Hefford), 
nutritionist to the Department of Health and super- 
viser of Nutrition Research, Department of Medical 
Research Council, New Zealand; M. M. Burns, 
director of Canterbury Agricultural College, Christ- 
church, New Zealand; W. A. S. Butement, chief 
scientist, Department of Supply, Australia ; Dr. M. 
Cook, chairman of the Metals Division, Imperial 
Chemical Industries, Ltd.; I. J. Cunningham, 
superintendent of the Animal Research Station, 
Wallaceville, New Zealand; Dr. I. de Burgh Daly, 
lately director of the Institute of Animal Physiology, 
Babraham, Cambridge (Agricultural Research Coun- 
cil); Capt. N. Fawcett, H.M. chief inspector of 
explosives, Home Office; P. T. Fletcher, deputy 
managing director, Industrial Group Headquarters, 
Atomic Energy Authority, Risley; T. A. Lang, 
associate commissioner, Snowy Mountains Hydro- 
Electric Authority, Australia; A. B. Lilley, medical 
director of the Cancer Council, New South Wales ; 
S. C. Longhurst, lately a member of the Forestry 
Commission ; R. A. Lovell, chief mechanical engineer, 
Ministry of Transport and Civil Aviation; Prof. 
W. T. J. Morgan, professor of biochemistry, Univer- 
sity of London, and member of the Biological 
Research Advisory Board, Ministry of Supply ; Dr. 
H. J. Plenderleith, keeper in the British Museum ; 
Dr. E. E. Pochin, director of the Department of 
Clinical Research, University College Hospital 
Medical School (Medical Research Council); J. A. 
Ratcliffe, chairman of the Radar and Signals Advisory 
Board, Ministry of Supply Scientific Advisory Coun- 
cil, reader in physics, University of Cambridge ; 
R. H. Schlotel, director of engine research and 
development, Ministry of Supply; R. B. Tennent, 
director of agriculture, New Zealand; Dr. H. W. 
Thompson, lecturer in chemistry, University of 
Oxford, senior regional scientific adviser for civil 
defence, Southern Region; Prof. 8. J. Watson, 
professor of agriculture and rural economy, Univer- 
sity of Edinburgh. 
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U.K. Atomic Energy Authority, Metallurgy Div- 

ision: Mr. L. Grainger 

Mr. L. GRAINGER has been appointed head of the 
Metallurgy Division of the United Kingdom Atomic 
Energy Authority’s Research Group at Harwell. He 
is to succeed Dr. H. M. Finniston, who is being released 
by agreement to take up appointment with the 
Nuclear Power Plant Co. Mr. Grainger was born in 
Sheffield, in 1917, and was educated in Detroit but 
returned to England in 1933. He was in steel works 
until the War. He then joined the Admiralty and 
served with the Royal Air Force as fighter controller 
during 1943-47, afterwards returning to the Royal 
Naval Scientific Service to work on co-ordination of 
metallurgical research, particularly brittle fractures, 
creep testing, and development of new structural 
materials. He joined the U.K. Atomic Energy 
Authority in 1951, and later became head of Lab- 
oratories, Research and Development, Springfields. 
In 1955, he moved to Risley as chief metallurgist in 
the Research and Development Branch, becoming 
deputy director of research and development in 1958. 
He is the author of ““Uranium and Thorium”’ (Newnes, 
1958). 


British Cast Iron Research Association: 
Dr. J. G, Pearce, C.B.E. 
Dr. J. G. Prarcre, who has been director of 
the British Cast Iron Research Association since 
1924, is to retire. During his tenure of the office 
he has seen the Association grow steadily both in 
size and importance. A graduate of the University 
of Birmingham, he has built up an international 
reputation and among other distinctions he has 
received the honorary doctorate of engineering of the 
University of Aachen. In 1957 he was made C.B.E. 
A member of the Worshipful Company of Founders, 
the Livery recently conferred on him its Founders’ 
Medal for his services to the “art and mystery” of 
iron-founding. Before going to the British Cast Iron 
Research Association, Dr. Pearce was associated with 
Sir Arthur Fleming in the planning and organization 
of the Research and Education Department of the 
Metropolitan-Vickers Electrical Co., Ltd., and was 
co-author with Sir Arthur of two text-books on 
apprentice training and industrial research. He has 
served on many national and international com- 
mittees and, since 1935, has, among other responsibili- 
ties, been chairman of the main committee on cast 
iron of the British Standards Institution. 


Mr. H. Morrogh 

Mr. H. MorroGu, at present deputy-director of 
the British Cast Iron Research Association, has been 
appointed to succeed Dr. J. G. Pearce as director. 
Educated at the George Dixon Grammar School, 
Birmingham, he joined the Association’s staff in 
1933 and became research manager in 1945. His 
main work, for which he has received international 
recognition, has been in connexion with the micro- 
structure of cast irons, and in particular the identifica- 
tion of inclusions and the formation of graphite. It 
was from the latter work that the discovery of nodular 
graphite iron, perhaps the most important discovery 
ever made so far as this material is concerned, was 
announced in 1948. These contributions have been 
recognized by the award of gold medals by the 
Tron and Steel Institute, the Institute of British 
Foundrymen and the American Foundrymen’s 
Society. He speaks with absolute authority in his 
own field, and although he himself received no 
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university training, Mr. Morrogh has persistently 
encouraged higher metallurgical education, not only 
in the universities but also in the colleges of tech- 
nology. 


Vincenzo Lunardi (1759-1806) 


Vincenzo Lunarpi, who was born two hundred 
years ago on January 11, 1759, at Lucca in Tuscany, 
is remembered for having introduced aerostation 
into Britain. Joseph and Jacques Montgolfier con. 
structed the first fire balloon, in which a sheep, a 
cock and a duck ascended on September 19, 1783, 
The first aeronaut in France was Pilatre de Rozier 
later that year, and the first in Scotland was James 
Tytler on August 27, 1784. On September 15, 1784, 
on the Artillery Ground at Moorfields, the physician. 
chemist, George Fordyce, inflated a balloon, 33 ft. in 
circumference, with hydrogen before some 200,000 
impatient spectators. Its passengers were a pigeon, 
a dog, a cat and Lunardi, who was secretary to 
Prince Caramanico, the Neopolitan ambassador, 
Lunardi had arranged to take an Englishman with 
him, but as there was insufficient hydrogen to sus- 
tain the extra weight, he was compelled to go alone. 
The balloon was provided with oars intended to 
raise or lower it at will, but one oar broke and fell 
to the ground. After 14} hr. Lunardi descended at 
South Mimms in Hertfordshire to land the eat, 
which had suffered from the cold—the pigeon had 
already escaped—and made a second descent three- 
quarters of an hour later near Ware, having drifted 
twenty-four miles. This exploit excited enormous 
enthusiasm, and the balloon was exhibited for profit 
at the Lyceum in the Strand. In the following year 
Lunardi made several successful ascents from Kelso, 
Edinburgh and Glasgow. His letters to his guardian, 
Chevalier Compagni, which were published, contain a 
vivid account of his pioneer ventures. A strikingly 
handsome man, Lunardi died on July 31, 1806, at 
the age of forty-seven. 


Building Research 

Tue Lord President of the Council and the Minister 
of Works have decided that the Department of 
Scientific and Industrial Research should in future 
be the only Government department with respons- 
ibility for building research. Hitherto, the Ministry 
of Works has shared this responsibility through the 
Advisory Council on Building Research and Develop- 
ment. This Council, which was set up in 1947, and 
has made a most valuable contribution to the whole 
field of building research, will therefore not be con- 
tinued after its present two-year period expires in 
March. To ensure continuity of the work previously 
undertaken by the Advisory Council, the Department 
of Scientific and Industrial Research will invite the 
various sections of the building industry to nominate 
representatives to a Standing Conference on Building 
Research and Development. The Ministry of Works 
will continue to provide the present service of 
advisory leaflets, lectures and the technical informa- 
tion service. 


United States Atomic Energy Commission Charges 

for Uranium-233 and Plutonium 

THE United States Atomic Energy Commission 
has established the charges at which uranium-233 
and plutonium will be made available for use 
research and development to private individuals and 
companies in the United States and to foreign 
governments under agreements for co-operation, 
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15 dollars per gram of uranium-233 and 12 dollars 
per gram of plutonium. While the charges are subject 
to change, it is the Commission’s intention to keep 
them as stable as possible. In the United States 
uranium-235, uranium-233 and plutonium may be 
owned only by the Government, and may be made 
available for private uses only on a lease basis. The 
annual lease charge will be 4 per cent of the basic 
charge. These nuclear materials may be either sold 
or leased to foreign governments, and are available 
to those governments having agreements for co- 
operation with the United States. The charges 
announced will also apply to material distributed 
abroad. Research and development on uranium-233 
and plutonium are generally in connexion with their 
use as reactor fuels. For this reason the charges 
are set at levels representing the fuel value of 
uranium-233 and plutonium as compared to existing 
charges for uranium-235, the material used as fuel 
in most reactors. The allotment for domestic civilian 
use totals 3-6 kgm. of uranium-233 and 37-5 kgm. 
of plutonium. Present allocations to domestic 
licensees amount to 0-04 kgm. of uranium-233 and 
12:12 kgm. of plutonium, with applications for 
additional amounts pending. A study is in progress 
to determine what additional quantities should be 
made availablo for these purposes. 


Pollution from Power Station Chimneys 

WuEN a wet fog lasts for many hours, the loss of 
heat by radiation into space from the top causes 
downward convection currents which stir the whole 
volume of the fog. At the top there is a sharp tem- 
perature inversion, the air immediately above the 
fog being warmer than the fog layer. Most pollution 


emitted within the fog remains within it, and if the 
fog is stagnant, the concentrations of smoke and 
sulphur dioxide may rise to dangerous magnitudes. 
It is therefore of the utmost importance to know 
whether the hot gases from a power-station chimney 
rise out of the top of the fog or are trapped below 
the inversion and contribute substantially to the 
accumulation of pollution below. Theoretically, the 
problem poses difficult questions which have not yet 
been overcome, and all theories are bound to make 
one or more assumptions which cannot be justified 
except by a long series of observations or experiments 
which have not yet been performed. The Central 
Electricity Generating Board has employed Fairey 
Air Surveys, Ltd., to fly over, and in, shallow London 
fog to measure temperatures and observe the 
behaviour of plumes from power stations along the 

mes. The considerable navigational problems 
have been overcome, and on the morning of Decem- 
ber 4 a flight was made and the plumes from three 
Thames-side stations were observed to rise into, and 
remain in, the air above the fog layer. The plumes 
from Brunswick Wharf Power Station were coloured 
red and black so that identification was certain, and 
photographs taken show that on this occasion the 
power stations did not contribute at all to the 
pollution at ground-level. There are undoubtedly 
circumstances of deeper fog and stronger inversions 
when the plumes would be contained in the fog layer. 
Further observations and experiments will be 
required before these circumstances can be specified 
with confidence ; but it is clearly possible to build 
chimneys high enough and emitting gases hot enough 
for the gases to escape into the air above, and not 
contribute their quota of sulphur dioxide to the air 
we breathe at the ground when stagnant fogs occur. 
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Technological Education in India 


Sm Writs Jackson, director of research and 
education, Metropolitan-Vickers Electrical Co., Ltd., 
has accepted an invitation from the Ministry of 
Scientific Research and Cultural Affairs of the 
Government of India to act as chairman of a com- 
mittee, set up by the President of India, to review 
the work and progress of the first of the technology 
institutes in that country, namely, the Indian 
Institute of Technology, Kharagpur. The committee 
includes Shri D. L. Deshpande, director of the Bihar - 
Institute of Technology; Dr. Atma Ram, director 
of the Central Glass and Ceramic Research Institute ; 
Prof. M. Mujeeb, vice-chancellor of Jamia Millia 
Relamia, Okhla; Shri 8. Ratnam, former finance 
secretary of the Government of India; and Shri 
G. N. Vaswani, assistant educational adviser 
(technical) of the Ministry, who will act as 
secretary. 


Exchange of Students for Technical Experience 


THE eleventh annual report of the International 
Association for the Exchange of Students for Techni- 
cal Experience (pp. 71. London: 1958) records in 
1958, for the first time since the foundation of the 
Association, a decrease in the number of participants 
—from 5,934 in 1957 to 5,394 between 24 member 
countries. On the other hand, 2,777 industries, etc., 
participated, 436 universities and colleges, covering 
forty faculties, compared with 2,761 industries and 401 
universities in 1957. Great Britain sent 774 students 
and received 784; forSweden the corresponding figures 
were 359 and 736; France 343 and 410; Canada 24 
and 95; Switzerland 151 and 202; Finland 175 and 
202; and for Germany 998 and 1,023. Of those 
countries sending more students than they received, 
Austria sent 562 and accepted 308; Yugoslavia 220 
and 116; the Netherlands 446 and 370; Turkey 232 
and 166; Spain 244 and 207; Italy 177 and 153; 
and Israel 97 and 60. A special evaluation made by 
Great Britain on the basis of 4,249 reports on students 
since 1949 is to be published shortly, and the Associa- 
tion believes that, so far as the exchange can be 
evaluated with statistics, it has proved an undoubted 
success. 


Scholarships in Mathematics for Courses in 
Statistics and Computational Methods 


THE London School of Economics and Political 
Science is developing courses in statistics and com- 
putational methods within the general framework of 
the degrees in economics of the University of London. 
The object of the new arrangements is to equip 
graduates with specialized knowledge in certain 
mathematical subjects and a general appreciationfof 
the wider field of economics including accounting. 
A number of industrial and commercial under- 
takings have promised generous support to enable 
the School to provide the technical equipment neces- 
sary for the proposed course of study. It has also 
enabled the foundation of scholarships tenable in 
connexion with the new course. Each scholarship 
will be worth £450 a year and will normally be 
tenable for three years. Awards will be made with- 
out regard to the income of the parents or guardians 
of the successful candidates. For the academic year 
beginning in October 1959, two scholarships will be 
available. Further information can be obtained from 
the Registrar, London School of Economics and 
Political Science, Houghton Street, Aldwych, London, 
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W.C.2. Completed applications should be returned 
to the Registrar not later than January 31. 


Interdisciplinary Conference on Self-Organizing 

Systems 

An Interdisciplinary Conference on Self-Organizing 
Systems will be held on May 5 and 6 at the Museum 
of Science and Industry, Chicago, Illinois. The 
conference is to be co-sponsored by the Informa- 
tion Systems Branch of the Office of Naval Research 
and the Armour Research Foundation. The purpose 
of this conference is to bring together research 
workers in all fields of science who are concerned 
either with the development of self-adaptive informa- 
tion systems or with the conduct of research which 
may contribute to an improved understanding of 
cognitive, learning, and growth processes. Particular 
emphasis will be placed on theoretical models of 
systems which are capable of spontaneous clasgsifica- 
tion, identification and symbolization of their inputs. 
Further information can be obtained from Mr. Scott 
Cameron, Conference Secretary, Armour Research 
Foundation, 10 West 35th Street, Chicago 16, Illinois. 


Centenary of the Royal Society of Victoria 


To mark the publication of Darwin’s “Origin of 
Species” in November 1859, and the granting in 
the same month of the royal title to the Royal 
Society of Victoria, Australia, this Society will 
hold a symposium on “The Evolution of Living 
Organisms”’ during December 7-11, 1959. Dr. Ernst 
Mayr, of the United States, will be the principal 
speaker, and the symposium will open with a Tiegs 
Memorial Lecture in memory of Prof. O. W. Tiegs. 


University News: Belfast 
Tue following appointments have recently been 
made in The Queen’s University of Belfast : G. C. R. 
Carey, to a lectureship in preventive medicine ; Dr. 
G. 8. Higginson, to a supernumerary lectureship in 

physics. 
London 


THE title of reader in the University of London 
has been conferred on Dr. D. D. Davies (in plant 
biochemistry) in respect of his post at King’s College ; 
and on Dr. J. L. Mongar (in chemical pharmacology) 
in respect of his post at University College. 


Pittsburgh 


‘THIRTY-TWO grants totalling 630,766 dollars have 
been awarded to the Division of the Natural Sciences 
of the University of Pittsburgh, Pennsylvania. 
Among the principal grants received since July 1, 
1958, by six departments of the Division and the 
Radiation Laboratory are the following: 75,000 
dollars to R. A. McConnell (assistant research pro- 
fessor, Department of Biophysics), from the A. W. 
Mellon Educational and Charitable Trust to continue 
research on psychological physics ; 23,000 dollars to 
Dr. G. Felsenfeld (assistant professor, Department 
of Biophysics), from the National Science Foundation 
to initiate research on the active site in some copper- 
carrying proteins; 25,421 dollars to Prof. W. E. 
Wallace (Department of Chemistry), from the U.S. 
Atcmic Energy Commission to continue an investi- 
gation of the application of chemical thermodynamics 
to study the formation of metallic alloys; 41,600 
dollars to Dr. T. M. Donahue (associate professor, 
Department of Physics), from the Office of Naval 
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Research to continue studies on capture-loss and 
ionization cross-sections of ions and neutral par. 
ticles ; 40,360 dollars to Prof. G. J. Wischner (Depart- 
ment of Psychology), from the National Institute of 
Mental Health to continue graduate training in 
clinical psychology ; 129,000 dollars to Prof. A. J. 
Allen (director of the Radiation Laboratory), from 
the Office of Naval Research to continue research 
on precision scattering of nuclear particles ; 38,415 
dollars to Prof. G. A. Jeffrey (Radiation Laboratory), 
from the Air Force Office of Scientific Research to 
initiate research on the structure of crystalline 
hydrates of organic molecules and ions; 27,243 
dollars to Prof. L. A. Page (Radiation Laboratory), 
from the U.S. Army Office of Ordnance Research to 
begin a research programme on low-energy nuclear 
and electron physics. 


Announcements 


Pror. Curen-Suiune Wo, professor of physics in 
Columbia University, New York, is to be awarded 
the 1958 Research Corporation Award for her valuable 
contribution to the knowledge of beta-decay and 
particularly for her part in research which resulted 
in the overthrow of the conservation of parity. She 
will receive an honorarium of 2,500 dollars, a plaque 
and a citation. 


THE following have been appointed to fill vacancies 
on the University Grants Committee: Dr. Kitty 
Anderson, head mistress, North London Collegiate 
School; Prof. Asa Briggs, professor of modern his- 
tory, University of Leeds ; Prof. F. A. Vick, professor 
of physics, University College of North Staffordshire ; 
Dr. K. C. Wheare, rector of Exeter College, Oxford. 


THE symposium on ‘The Nature of Coal’’ organ- 
ized by the Central Fuel Research Institute, India, 
will now be held during February 7-9, instead of 
during February 9-11, as was announced earlier (see 
Nature, 182, 295; 1958). 


BETWEEN January 13 and March 17, the Depart- 
ment of Chemistry, Biology and Geology of the 
Kingston Technical College is holding a postgraduate 
lecture course on “Recent Advances in Protein 
Chemistry’, with lecturers well known for their 
work in this field. Further information can be 
obtained from the Head of the Department at the 
Kingston Technical College, Fassett Road, Kingston- 
upon-Thames. 


On February 6 the Scottish Branch of Aslib will 
hold its annual general meeting and conference in 
Glasgow. The theme of the morning session is patents, 
and that of the afternoon, mutual co-operation. The 
morning speakers will be Mr. Felix Liebesny on 
‘*Patents as Sources of Information’’, and Mr. Chris- 
topher Johnson on “Trade Marks and Industrial 
Designs, their History, Development and Protection”. 
The afternoon speakers will be Mr. E. Martindale, of 
the Department of Scientific and Industrial Research, 
who will speak on the Scottish Research Laboratories 
Mutual Assistance Scheme, and, it is hoped, Prof. 
Christopher Macrae, from the Regional Technical 
Liaison Service of the Department. 


In the communication entitled “Thermal Annealing 
of Chemical Radiation Damage” by Dr. A. G. 
Maddock and 8. R. Mohanty in Nature of December 
27, p. 1797, the graph refers to isothermal annealing 
at 150° C. 
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INDUSTRY AND THE INDIVIDUAL 


HERE has been at least one remarkable change 

in British industry since the Second World War ; 
that is the changed attitude towards the individual. 
Thirty years ago those discharged because of shortage 
of work were given short shrift ; to-day, those unfor- 
tunate enough to be declared redundant are treated, 
in general, as individuals deserving sympathy, 
encouragement and help until they can become 
re-established. 

To bring about this change in attitude has been one 
of the major pre-occupations of the Institute of 
Personnel Management, the membership of which has 
grown steadily in quantity and quality since the War. 
At Harrogate during October 10-12, the Institute 
held its most successful annual conference, which 
was attended by more than nine hundred repre- 
sentatives drawn from industrial organizations 
throughout the world. 

The opening speaker was Sir Walter Puckey, 
chairman of Management Selection, Ltd., who argued 
that, of the many major industrial problems confront- 
ing us to-day, the four most pertinent are: the 
development of new ‘machine’ technologies; the 
development of new ‘man’ technologies ; the develop- 
ment of men in the new machine age ; the responsi- 
bility of the individual to the group and the group to 
society. 

The State, backed by modern industry, is sponsor- 
ing more research per head per year than can be used 
economically, accepted socially, or desired militarily. 
This technological pressure is creating other pres- 
sures and problems, such as the financing of new 
projects, the need to double the numbers of teehnolog- 
ists in ten years, the desirability of introducing more 
science into education, the greater need to humanize 
science, and the need to produce better political 
understanding in the face of a nuclear technological 
threat. Great success will attend those who encourage 
more laymen, arts men, workers, managers and 
scientists themselves to learn more of science and 
technology and so gaze with stimulated imagination 
and curiosity over the wider vista beyond. 

Man is starting on a scientific exploration of himself, 
and recent years have seen an accelerated programme 
of research in physiology, psychology, neurology and 
sociology. Many leading industrialists are now 
convinced that an important field of research exists 
ee individual man himself and his group relation- 
ships. 

_The better group objectives are organized the more 
likely is one to satisfy individual men within the 
group, but one should never be so committed to 
scientific method that one works towards, or desires, 
complete conformity. The better group management 
is, the more time and opportunity should be given to 
exceptional people and problems, remembering that 
while most men will conform most of the time, every 
man can and should be exceptional some of the time. 

_ The development of social sciences and technologies 

8 very important, but the greater use of the scientific 

approach to man and man-management will require 
personnel management. 

Thousands of skilled managers and millions of 
Sensible workers have established in Britain a 
reasonable understanding with the machines of the 
first Industrial Revolution. We now have to estab- 


lish a modified machine/man relationship in the second 
Industrial Revolution, where the machine will be 
more a machine of the brain than of the muscle. The 
brain machines may infiuence different groups of men, 
and their reactions may be even more critical than 
those of men in the first machine age. 

The new machines will demand special skills which 
will be developed in, and used more by, the controlling 
or supervisory section of the working force. There 
has been a great invasion of offices by machines, and 
this will continue. We have seen the beginning 
of the impact of new machines and systems on control 
and communication activities, and their effect on 
organizational principles and practices. Since its 
birth, personnel management has been more con- 
cerned. with blue or brown overalls than with white. 
The future may see a changing emphasis, with no less 
troubles in the first category but with added troubles 
in the second. 

One important gap in the current research pro- 
grammes will be filled when greater attention is paid 
to the problems of organizing men in the new machine 
environment. The installation and possibilities of a 
computer, for example, show how modern man can 
meet modern machines in a new and better relation- 
ship. There are far too many frustrations arising 
from poor organizational practices, and organization 
urgently calls for a more scientific approach. One 
way of judging a manager’s effectiveness is his ability 
to delegate to other men. In the second Industrial 
Revolution one can also add his capacity to delegate 
to machines ; this new man/machine delegation can 
create quite new organizational possibilities and 
problems. 

The individual in the group and the group in society 
present two separate yet complementary problems. 
Individual recognition has been accorded to an 
increasing extent, from the level of Sir Winston 
Churchill to the growing number of occasions where 
individuality is recognized by placing names on 
badges at conferences, on desk signs in banks, stations, 
hotels and personnel offices. 

Every indication of greater group power seems to be 
balanced by equal and opposite individual recognition. 
Currently, the technological developments in nuclear 
energy and automation are examples of this balancing 
factor. 

As much attention has been given to human 
problems of safety in a nuclear age, and personal 
problems of living in an electronic brain age, as to the 
new technical problems themselves. It is significant 
that more books and major articles have been written 
on the Dead Sea Scrolls than on automation. 

The problem of responsibility and efficiency in a 
nationalized industry was examined by Sir Harold 
Smith, chairman of the Gas Council. 

The structure established by the Gas Act (1948) 
led to the setting up of twelve autonomous area 
boards. These are independent bodies for finance 
and tariffs, and are charged with the duties of develop- 
ing and maintaining an efficient, co-ordinated and 
economical systern of gas supply, and meeting, where 
economically possible, all reasonable demands for 
gas. The Gas Act also established the Gas Council, 
of which each area board chairman is a member. 
The Gas Council has a largely advisory relationship, 
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not only with the Minister but also with each area 
board, and is charged with four specific duties relating 
to finance, research, training and education and 
industrial relations. 

Through their association on the Gas Council, 
area boards are able to pool their specialized know- 
ledge, skill and experience. As an example, research 
into the high-pressure gasification of small coals 
earried out at Solihull is to be developed commercially 
by the North Western Gas Board for the benefit of 
the whole industry. 

In a public service industry, which has to maintain 
@ continuous supply, it is essential to avoid stoppages 
through industrial disputes. There never has been a 
serious stoppage in supply. This is due to the co- 
operation of both employers and employees, fostered 
by the system of industrial relations in the industry. 
Both the employers and the trade unions concerned 
made an immediate response to the recommendations 
of the Whitley Committee, and the National Joint 
Industrial Council for the Gas Industry, together with 
its Regional (later Area) Joint Industrial Councils, 
dates from 1919. 

The National Joint Industrial Council is still in 
existence, and the tradition of collective bargaining 
within the industry has been gradually extended by 
the creation of negotiating machinery to cover clerical 
staff, maintenance craftsmen, building trade workers, 
and ultimately all remaining groups of employees. 

The statutory obligations imposed on the Gas 
Council and area boards, so far as industrial relations 
were concerned, were met largely by continuing the 
pre-vesting organization. 

Joint consultation was encouraged in the industry 
before nationalization, and the National Joint 
Industrial Council had worked out a model constitu- 
tion for works committees. The trade unions prom- 
ised their support for the establishment of joint 
consultative committees at a joint conference on 
efficiency held in 1953, and such committees are now 
widely spread throughout the industry. 

Improved efficiency since nationalization is shown 
by the use of fewer tons of coal to produce the same 
output. Additional costs including heavy capital 
charges have not been met by correspondingly 
increased revenue, the difference being absorbed by 
integration and higher efficiency. 

Efficient organization is created largely through the 
individual efforts of its members. In the gas industry, 
the traditionally good industrial relations, and the 
emphasis on decentralization, encourage full participa- 
tion by all employees. 

The role of the trade unionist in relation to produc- 
tivity and the rights of the individual were considered 
by W. J. Carron, president of the Amalgamated 
Engineering Union, who suggested that, although 
there have been isolated examples of ‘go-slow’ and 
other forms of direct action which have brought 
about alterations in the tempo and a retarding of 
productivity, ranging from restricted output, or 
service, to the extreme limit of total stoppage, at no 
time has trade unionism opposed or sought to 
obstruct productivity. The ‘strike’, the ‘go-slow’, 
the ‘working to rule’, or the ‘overtime embargo’ is 
merely the outcome of dissatisfaction with conditions 
cf employment, a defence of the rights of an individual 
or group of individuals. 

What are the rights of an individual when examined 
through the eyes of an industrialist as distinct from 
the objective approach of a social reformer? It is 
difficult to segregate these two lines of theory because 
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our social lives are inextricably interwoven with our 
industrial existence. The ‘rights’ of a modern worker 
in industry are not really ‘rights’ at all. They are 
mostly compulsory regulations laid down in ‘the 
Factory Acts and similar statutory requirements 
which govern the employment of work-people. The 
remainder are to be found in agreements between 
trade unions and employers’ organizations, both of 
which maintain a jealous watchfulness over the 
permissive and non-permissive clauses contained 
therein. 

The formal establishment of an industrial ‘right’ 
dispossesses the individual in so far as that ‘right’ 
becomes the property of the nation or, to a less 
degree, of the particular pressure group that has 
succeeded in forcing its acceptance. The ‘right’ then 
stands every chance of becoming a ‘must’ and the 
individual has gained an industrial victory at the 
expense of industrial freedom. 

There is no inconsistency in the desire of trade 
unions and trade unionists to make the closed shop 
more effective. 

In highly complex industrialized societies it is 
necessary that certain personal freedoms must be 
limited to provide the greatest good for the greatest 
number. The character of our industrial pattern is 
such that there would be extreme difficulty in operat- 
ing in a highly industrialized society without collective 
bargaining. For the maintenance of standards con- 
sistent with the rights of human beings it has been 
shown that trade unions are a necessary part of an 
advanced society. There is a distinct and direct 
charge upon individuals to sustain those institutions 
which provide not only for their welfare but for 
their existence. It is morally wrong that individuals 
should obtain both directly and indirectly the benefit 
of trade unions while completely evading their 
obligations. 

There is an obligation upon employers to take some 
interest in this question. The theory by employers 
that membership of trade unions is no business of 
theirs is an outmoded thought and an evasion of 
responsibilities. 

The trade unions are constantly faced with the 
problem of what will happen to the people displaced 
if completely automated forms of production become 
more widely adopted. 

The major right of work-people in a time of tech- 
nological change is security through continued 
employment. 

All other demands of work-people are conditional 
upon the fundamental requirement of employment 
and fair wages. Among them is the strong ambition 
to have some voice in the practical administration of 
the aims and purpose of the employing organiza- 
tion. 

During the War, production committees were 
formed ; many have disappeared. Much could be 
done to expand the nature and the beneficial influence 
of such committees, to create a greater understan 
of the difficulties and mutual problems affecting both 
sides of worker/management relationship. 

As workers and citizens, trade unionists demand the 
right to industries equipped with modern methods of 
applied technology in production at least commen- 
surate with those of international competitors. Trade 
unionists also demand the right to produce adequately 
trained personnel, who are able to justify the setting 
up of this modernized equipment. Trade unionists 
demand the right to see industries linked firmly and 
securely to universities, not only in terms of technical 
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education but also for industrial research. The right 
of an individual to expect advances in his living 
standards, or even to expect to maintain them at their 
present level, must depend upon his willingness to 
co-operate in productivity. 

Besides the main addresses at the Conference a 
number of sectional meetings were held to discuss 
topics like the closed shop, the development of sand- 
wich courses, liberal education and technical training, 
the recruitment and training of young workers and 
the cost and changing place of fringe benefits in salary 
and wage agreements. The latter was addressed by 
J. Simons, a director of the Package Sealing Co. 
(Export) Ltd., who showed how the term ‘fringe 
benefits’ is one that has crept into industrial jargon 
in recent years to describe all those items other than 
hard cash in the pay packet which are of tangible 
value to employees, whether they cost real money or 
not to the employer. Two main factors which have 
brought about this situation are: the influence of 
taxation on earnings, and competition for labour in 
the period of full employment that has existed since 
the War. The first factor has had particular effect 
on the value of benefits attached to appointments at 
high executive level where tax becomes heavy. At 
these levels the provision of supplementary or ‘top 
hat? pension schemes, substantial life assurance, 
education grants, and even the provision of housing, 
become important items in the total assessment. 
The second factor, competition for labour, accounts 
for the fact that initiative to add to fringe benefits 
has tended to come from management, rather than 
from trade unions, though the latter have brought 
pressure to bear on a number of factors, particularly 
holidays with pay, compensation for redundancy, 
guaranteed work-week, and in more recent years, 
pensions. 

Though the provision of fringe benefits has grown 
in the past twenty years, it is still seldom that one 
finds them mentioned specifically in employment 
agreements as part of the contract of employment, 
even for executive appointments, and still less at 
operative-levels. Items within the field «f fringe 
benefits are beginning to feature more and more in 
negotiated agreements between unions and selected 
industries. 

In examining the costs of fringe benefits a number of 
aspects have to be considered. No clear picture has 
yet emerged on the correlation between the size of 
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the company and the cash value per employee of the 
benefits provided ; there is, however, some indication 
that the larger the industrial unit the greater is the 
range—and hence the cost per employee—of the 
benefits available. 

One survey covered some sixty companies of vary- 
ing size. It directed attention to the wide variation 
in the cost of certain items (pension, sick pay, life 
insurance, canteen subsidies and travelling allow- 
ances). For these items, the variation in cost among 
the companies covered by the survey was as follows : 


Cost of all fringe benefits as 
per cent of total pay-roll 


under 24 
24-5 


Percentage of companies 
covered by the survey 


over 30 
not disclosed 


A more recent survey covering some fifty companies 
showed that the total cost of benefits varies between 
12 and 25 per cent of the total employee remuneration 
—the median being just under 15 per cent. 

In those cases where the cost is high, the biggest 
single item is usually pension contributions; it is 
here that many companies could secure better value 
for their money than they do. Those concerns that 
have made a close study of the provision of pensions, 
and have established internal funds with wide invest- 
ment powers, are better placed to keep pace with 
inflation than those with insured schemes, and usually 
at lower cost. 

The way to control ‘fringe benefit’ costs might be to 
predetermine an overall cost factor expressed as a 
percentage of the pay-roll, and from the proceeds to 
cover the costs of those benefits which the company, 
as a matter of good business policy, would wish to 
provide, leaving the residue to be used on additional 
benefits of the employees’ own choice. It would have 
the merit of creating in the minds of both employers 
and employees a greater awareness that the provision 
of benefits costs money and that such costs require to 
be controlled. Such an arrangement would have the 
merit of controlling the costs of benefits in the 
simplest possible way ; it would take them out of the 
realm of miscellaneous overheads and enable them 
to be treated as a definite cost item in the same way 
as wages and salaries. 


MEASUREMENT AND CONTROL IN ELECTRICAL ENGINEERING 


a ever-widening interests and knowledge of 
electrical engineers as a body have their effects 
on the organization and division of the activities of 
the Institution of Electrical Engineers. Originally 
founded as the Society of Telegraph Engineers in 
1871, it soon became necessary to indicate its wider 
interests by a change of name, first to the Society of 
Telegraph Engineers and Electricians in 1880 and 
then in 1888 to the Institution of Electrical Engineers. 
Later it became necessary to make administrative 
Provision for the presentation of specialist papers, 
and the Meter and Instrument Section came into 
being m 1928. Like its parent body, the interests of 
specialized Section widened year by year, and its 
hame was changed first to the Measurement Section 
and later to the Measurement and Control Section. 


The most recent change is the institution of five 
panels concerned with particular aspects of the 
activities of this Section. Mr. J. K. Webb, in his 
address as chairman of the Section, delivered at the 
Institution on October 4, has most appropriately 
directed attention to recent technical advances in the 
branches of knowledge covered by the separate panels. 

The first panel is concerned with fundamentals, 
standards and laboratory measurements, and Mr. 
Webb pays his tribute to the m.x.s. system while 
skilfully avoiding the more controversial aspects of 
the subject. The accuracy of definition of the funda- 
mental units of mass, length and time has now been 
brought to about one part in 10° for mass, one part 
in 108 for length and one part in 10" or better for 
time. Enthusiasts for new systems of units who 





90 NATURE 


favour a single arbitrary standard in place of the 
present three will have no difficulty in selecting 
time for this purpose. 

The accuracy of establishment of the electrical 
units is perhaps somewhat disappointing, being about 
1,000 times worse than the lowest accuracy of the 
fundamental units. It is therefore interesting that 
consideration should be given to the possibility of 
establishing a calculable standard of capacitance. 
To obtain an improvement in the establishment of 
electrical units by this method, it will be necessary 
to measure a capacitance of the order of 1 yyF. to 
an accuracy of 1 zyzpyF.—no mean feat of measurement. 

The second panel is concerned with materials and 
components and there can be little doubt that Mr. 
Webb was justified in selecting, as the feature of 
greatest interest at the present time, the commercial 
production of germanium and silicon with impurity 
contents of less than one part in 10°. 

Measuring techniques, devices and instruments are 
covered by the third panel. This is a wide field 
where choice would be difficult. However, electrical 
joints occur in most electrical apparatus, sometimes 
in very great numbers. 

The soldered joint made by a skilled operative has 
been long established and is still of great value, but 
occasionally a dry joint is obtained which may give 
trouble. Wrapped joints have now been developed, 
with a life expectancy of forty years, which can be 
made by unskilled operatives at great speed. The 
bound joint is an interesting variant in which wires 
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of various diameters are bound together with binding 
wire of fixed diameter. This should simplify the 
design of wrapping tools. 

The fourth panel is concerned with data pro. 
cessing, including analogue and digital computers, 
A vital component of the computer is the memory, 
which is often either a magnetic tape, a magnetic 
drum or a large number of magnetic elements such 
as ferrite toroids or straight magnetic wires. 

The latest development involves the trapping of 
magnetic flux in a superconductor. This method 
holds out the hope of providing an access time about 
1,000 times less than the fastest of the magnetic 
devices, but as the necessary equipment includes a 
helium liquefier the capital and operating costs of 
the memory may prove to be very high. 

The fifth panel covers servo-mechanisms and con- 
trol systems, a subject of some antiquity but one in 
which recent developments have occurred at a great 
rate. 

The sensitivity and speed of response of modern 
servo-mechanisms are aptly illustrated by the poss- 
ibility of controlling a magnetic field so that a piece 
of iron is held stationary between the upward 
pull of the field and the downward pull of gravity. 
Satisfactory damping has been achieved for this 
device. 

A useful list of references is an unusual addition to 
a chairman’s address, making it possible for the 
interested reader to go deeper into any subject of 
special interest to him. A. H. M. Arnotp 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
NEW ZEALAND 
ANNUAL REPORT 


HE annual report* for the year ended March 31, 

1958, of the Department of Scientific and Indus- 
trial Research, New Zealand, includes the usual state- 
ment by the Minister, the brief report of the Council 
and the longer report of the Secretary, together with 
reports from the branches and incorporated research 
associations. Some notes are included on grant-aided 
research at Canterbury Agricultural College, the 
Cawthron Institute, Massey Agricultural College and 
the University of Canterbury Industrial Develop- 
ment Department. Lists of publications are appended 
to the various departmental reports. Substantial 
effort was again devoted to the work of the Inter- 
national Geophysical Year, and a senior officer of the 
Department visited the New Zealand territories in 
the Pacific Islands to assess the agricultural problems 
to be solved if production is to meet the requirements 
of growing populations and satisfy the need for 
modern services and amenities. 

Expenditure in 1957-58 was £1,535,000 gross, com- 
pared with £1,404,000 in 1956-57, the latter figure 
being 0-137 per cent of the national product. The 
Council believes that the future development of New 
Zealand depends very materially on scientific research 
aad development, and urges that the percentage of 
national income should be increasing and not de- 
creasing : during 1949-50 it was 0-173 per cent of the 


* Report of the Department of Scientific and Industrial Research 
for the year ended 31 March, 1958. Pp. 90 (H.34.) (Wellington, 
Government Printer, 1958.) 


national product, and during 1951—52, 0-152 per cent. 
The professional staff of the Department at March 
31, 1958, was 383, compared with 369 in the previous 
year, but was nineteen fewer than six years pre- 
viously. In particular, the need to increase the work 
in nuclear science carried out by the Division of 
Nuclear Sciences and by the universities is emphasized, 
and the Council, after considering the position, en- 
visages expenditure of some £500,000 to install and 
operate equipment to meet New Zealand’s needs. 
Grants to research and allied institutions totalled 
£141,031, including £30,000 to universities and 
colleges of agriculture, and the Council is also con- 
cerned to extend the assistance at present given to 
industry. 

The Secretary’s report is mainly concerned with 
research completed during the year and includes 4 
fairly full summary of the scientific activity in the 
Ross Dependency and in connexion with the Inter- 
national Geophysical Year. Scientific assistance given 
to the Police Department has included the use of 
paper chromatography for the separation and 
identification of barbiturates. The Philips electron 
microscope was installed at the Dominion Physical 
Laboratory in April 1958. The radiocarbon tech- 
nique has been used to examine an ocean profile 
from the New Caledonian Trench, and preliminary 
investigations indicate that the method can also 
be used to study the circulation time and direction 
of underground water flow at Wairakei, while 
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theoretical study has been made of a possible way of 
extending the range of the carbon-14 dating equip- 
ment by isotopic enrichment using a thermal diffusion 
column. The sulphur isotopic variations in the 
sulphide and sulphate of geothermal bore waters have 
been used to estimate a temperature of 370 + 70° C. 
for the hot chloride water underlying Wairakei. 

Surveys over twelve years of areas susceptible to 

grub indicated that none of the land sown in 
introduced pastures and crops is absolutely free from 
grub attack, and as the texture of the soil improved, 
the land became more liable to attack. Grass grubs 
may be the main cause of weed encroachment on 
pasture lands, and the satisfactory control of grass 
grub in both North and South Islands has shown 
that pastures protected with DDT do not become 
infested with weeds. The decreased effectiveness in 
the past three years of the scale insect, Hriococcus 
ovariensis, as @ controlling factor on manuka in the 
northern Hawke’s Bay area appears to be due to the 
presence of a parasitic fungus capable of killing the 
scale insect responsible for manuka blight. An insect 
survey of agricultural crops in New Zealand was 
initiated, and a preliminary survey of grasslands in 
the North Island has already yielded much informa- 
tion on the distribution and relative abundance of 
more than 270 species of insects. Trials on rape selected 
for resistance to aphids proved as productive, or 
more productive, than the Broad Leaf Essex strain, 
and still grew well under aphis infestation sufficient 
to destroy the latter. Field trials by the Plant 
Diseases Division indicated that a recently introduced 
variety of swede, Doon Spartan, is comparable to the 
New Zealand bred variety, Calder, in resistance both 
to virus and to the cabbage aphid, but that the 
varieties resistant to cabbage aphid are not necessarily 
resistant to other aphids. 

Research into the fundamental cause of bloat or 
tympanites of cattle indicates that the disorder is a 
very complex problem in plant—animal interrelations, 
and the various aspects of animal physiology, microb- 
ial metabolism and plant biochemistry involved are 
now being investigated. In grassland research an 
improved strain of Lotus uliginosus is under trial, but 
although more vigorous than those strains obtainable 
commercially, it is still slow to establish from seed, 


ELECTRICAL 


HE Physical Society autumn conference on “Gas 

Discharges” was held at the University College 
of Swansea during September 17-20. The wide 
interest in this field of study was shown by the 
presence of some 200 delegates, including many 
from Australia, Germany, Norway and the United 
States. At the five sessions of the conference more 
than thirty papers from Government, industrial and 
university research laboratories were read. The 
present report is restricted to a brief description of 
& representative selection, grouped in accordance 
with subject-matter. 

The conference was opened and the first session 
presided over by J. A. Ratcliffe (Cambridge), president 
of the Physical Society. The inaugural address was 
given by Prof. H. S. W. Massey (University College, 
London) and was devoted to a comprehensive review 
of recent experimental and theoretical advances in 
the study of atomic collisional phenomena, particular 
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and work is in hand to improve the winter pro- 
ductivity. Work continued on the soil fertility cycle 
and the various aspects of fertility increase under 
pasture, fertilizer and the grazing animal and the 
decrease under different forage and food crops, and 
a study of seedling growth. Recent work by the 
Plant Diseases Division has shown that the death of 
pines in shelter belts is associated with the presence 
of Phytophthora species in the soil, and in connexion 
with this investigation the Auckland Industrial 
Development Laboratories have developed a method 
of measuring flow of sap by means of heat transport. 

A survey of phosphorus in New Zealand soils has 
indicated the factors which determine the amount 
and nature of phosphorus in the soils, and, in turn, 
a better understanding of their requirements of 
phosphatic fertilizers. The survey has shown the 
dominating influence of soil processes in determining 
these requirements. The general soil survey of the 
South Island was used as a basis for constructing a 
map of the present utilization and possible develop- 
ment of land in the Otago district. 

Discovery of a method of separating apple cells 
without altering their shape or size has consider- 
ably assisted the Fruit Research Division’s measure- 
ment of cell size in Sturmer apples after different 
fertilizer treatments with a view of forecasting 
storage quality, and to meet the need of the stone- 
fruit industry for good descriptions the Division has 
started to sort out some sixty varieties of Japanese 
plums. ‘Vapan’ and allyl alcohol have given promising 
results for control of weeds in tobacco seedling beds, 
but the former must be used at least four weeks 
before the seed is sown, and excellent control of both 
types of stem rot was obtained by applying a drench 
of ferban or thiuram to the seedling beds. Investi- 
gations at the Cawthron Institute show that shade 
and high humidity are factors in the development 
of blotchy ripening, a physiological disease of tomatoes, 
and preliminary results at the Dominion Physical 
Laboratory indicate that the critical stage of fruit 
development is when the fruit is fully developed and 
just beginning to ripen. Observations have also been 
made on the rate at which rabbits recolonize an 
area, following complete destruction of the popula- 
tion. 


DISCHARGES 


attention being paid to cross-sections for collisions of 
electrons with atomic hydrogen, on which a reliable 
body of theoretical knowledge now exists. The 
experimental method being used at University 
College, London, in which a modulated beam of 
atomic hydrogen is crossed by an electron beam and 
the resultant ionization analysed by a mass spectro- 
meter, was described, later, by Dr. R. L. F. Boyd 
and A. Boksenberg (University College, London). 
Other topics discussed in the inaugural address 
included the experimental verification in the U.S.S.R. 
and in the United States of the existence of a negative 
metastable ion of helium, previously predicted on 
theoretical grounds by two Norwegian investigators, 
and other results of recent work on negative ions. Of 
particular interest were the facts that the electron 
affinity of O- has now been established as 1-45 eV., 
and that the cross-section for the production of I; 
by slow electrons has been found experimentally to 
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be surprisingly large (~3 x 10-" em.? for low- 
energy electrons). 


Fundamental Processes 

In an invited paper on “Investigation of the 
Secondary Processes in the Townsend and Streamer 
Regime’’, Prof. H. Raether (Hamburg) described 
oscillographic studies on the temporal growth of 
ionization in Townsend avalanches, and showed that 
values of the primary ionization coefficient « and the 
electron and ion mobilities may be obtained in this 
way. He also discussed studies under conditions in 
which the secondary ionization coefficient was so low 
(for example, in methane) that the primary ampli- 
fication e4 could attain very large values of the order 
of 10°, and appeared to promote rapid breakdown 
originating from a single avalanche. 

Prof. F. Llewellyn Jones welcomed the conference 
on behalf of the Department of Physics, University 
College, Swansea, and gave a short introductory 
account of recent work by the Swansea group. He 
stressed that with the mathematical treatment of 
ionized gases available to-day, only precision meas- 
urements can lead to the required data about 
fundamental ionization processes. Such significant 
measurements of, for example, ionization coefficients 
or of rapid current-growth can be made only when 
the state of purity of the gas and electrode surface 
is controlled ; when the precise state of a cathode 
surface is unknown (because of the presence, say, of 
a thin film) the surface may still be specified by 
measuring its effective work function. Some recent 
results obtained with parameters thus controlled 
were described in the following papers. 

From measurements of the temporal growth of 
ionization, Dr. E. Jones (Swansea) showed that with 
field stabilization and controlled conditions of elec- 
trode surface and purity of gas, ‘scatter’ of measure- 
ments was eliminated to give consistent values of 
formative time-lags, from which the individual 
secondary ionization coefficients (y and $/a) in 
hydrogen at pressures less than 10 cm. mercury were 
accurately deduced. The dependence of these 
coefficients on the work function of the cathode 
surface was also determined. Dr. J. Dutton (Swansea) 
reported recent precision measurements in hydrogen 
at high pressure of the secondary ionization coefficient, 
showing that this coefficient is a function of the gas 
pressure. It follows that the fundamental secondary 
process (w#/«) consists mainly of the cathode photo- 
emission produced by molecules excited in the 
avalanche, but that some excited molecules are 
destroyed by collisions of the second kind before 
they are able to radiate. Theoretical calculations of 
«®/« using known data for atomic cross-sections agree 
with the values measured. 

Another paper dealing with measured work func- 
tions was read by Dr. E. Davies (North Staffordshire), 
who described the influence of work function in the 
range 2-0-4-5 eV. on the sparking potential in 
hydrogen at low pressures. 

Measurements of pre-breakdown ionization currents 
in a range of pressures from 60 mm. mercury up to 
atmospheric pressure, which indicate the presence of 
considerable attachment (n/p ~ 5 x 10-) for values 
of E/p from 25 to 45 V./em. mm. mercury, were 
described by A. N. Prasad (University of Liverpool). 
Other recent work at Liverpool was described by 
M. C. Sexton, who discussed micro-wave studies on 
recombination and attachment in the afterglow of 
rare gases and oxygen, and by Prof. J. D. Craggs, 
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who discussed the effect of electrons on the broaden. 
ing of the Balmer lines. From measurements of the 
intensity of the Balmer continuum and its variation 
with time, values of the electron density and tem. 
perature were obtained, and using known values of 
the radiative recombination coefficients, the broaden- 
ing effect of electrons was calculated. 


Arc Discharges 

An invited paper by Prof. J. M. Somerville (New 
England, Australia) described the study of anode 
marks made by an are channel during the carly 
stages of growth, from 20 musec. to 200 psec. For 
pulses less than about 10 psec. multiple spots were 
formed inside a circular area, the size of which 
increased for pulses up to 100 mysec.; for longer 
pulses this area remained constant but the individual 
spots themselves grew bigger and finally coalesced. 
By considering the energy balance in the bright glow 
adjacent to cathode spots, M. A. Cayless (British 
Thomson-Houston, Rugby) deduced the factors 
governing the shape and size of the glow and the 
electron and ion currents at the cathode surface. 
Measurements, by Dr. H. Edels (Liverpool), of the 
gas temperature using shock-wave measuring tech- 
niques at varying times after the interruption of a 
low-current arc indicated thermal time-constants of 
about 500 msec. Dr. A. E. Guile and P. E. Secker 
(Queen Mary College, London) showed that the 
forward continuous motion of an are cathode spot in 
a transverse magnetic field in air at atmospheric 
pressures is controlled by cathode surface conditions, 
velocity of motion being independent of the arc 
current between 40 and 700 amp. Using colour 
slides, L. A. King (Electrical Research Association, 
Leatherhead) discussed the jets observed in the high- 
current electric arc on the basis of a theory of dis- 
sociation and ionization and showed that these jets 
account for the metal transported in the welding arc. 


Transient Discharges 

An interesting group of papers was concerned with 
the operation of Sceptre III in the laboratories of 
Associated Electrical Industries at Aldermaston. Dr. 
N. L. Allen and Dr. R. M. Payne first surveyed the 
experimental techniques employed and discussed the 
correlation of results obtained from oscillographic 
studies, rotating-mirror photographs, magnetic search 
coil and spectroscopic investigations ; these investi- 
gations indicated that the discharge could be 
stabilized to a certain extent. J. A. Wesson and 
B. S. Liley then discussed the determination of 
the inductance of the discharge and outlined a 
method by which the distribution of current in, and 
the motion of, the discharge and the extent to which 
the plasma traps the magnetic field within itself 
could be obtained from these measurements. Finally, 
Dr. H. T. Miles described an investigation of the 
mechanism of initiation of parasitic arcs inside the 
torus and methods used in controlling them. 

Another paper in a closely related field was given 
by Dr. W. G. Townsend (Swansea), who discussed the 
liberation of electrons from cold cathodes in gases 
under electric fields ~ 105 V./em. The mechanism 
involved emission due to the enhanced field produced 
by positive ions on a thin cathode film; measure- 
ments of electron liberation at 300° K. and 600° K. 
showed that the dependence on temperature was t00 
small to be accounted for by local thermionic emission. 

Recent work at the Atomic Weapons Re 
Establishment, Aldermaston, on shock waves from 
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electrodeless discharges was described by G. B. F, 
Niblett. Interesting streak photographs of the 
luminosity produced by strong shock waves obtained 
in argon, helium and deuterium at low pressures by 
discharging energy (about 1,000 joules) through a 
single-turn external coil were shown and analysed. 


Spark, High-Frequency and Glow Discharges 


In order to accommodate the large number of 
papers submitted, the final session was divided into 
two sections, running concurrently. One of these, 
which was devoted to spark, high-frequency and 
glow discharges, contained two papers by members 
of the group working under the direction of Prof. 
F, M. Bruce (Royal College of Science and Techno- 
logy, Glasgow) on long (~ 5-em.) uniform field gaps 
in air at atmospheric pressure. D. T. A. Blair (in a 
paper with Prof. F. M. Bruce and J. E. Matthews) 
described simultaneous recordings of light and current 
pulses in such gaps at voltages just below the break- 
down potential, and A. Aked (in a paper with Prof. 
F. M. Bruce and C. Gordon) described the effect of 
various parameters, showing that air circulation gives 
a more reproducible breakdown potential in an 
enclosed spark gap. 

The problems encountered in the application of 
discharge techniques to industrial conditions were 
clearly, and often amusingly, illustrated in a paper 
dealing with electrostatic precipitators by J. S. T. 
Looms (Central Electricity Research Laboratories, 
Leatherhead). It was shown how the leakage of 
air into the flue gas in such precipitators could lead 
to spark-over. 

Other papers in this session were concerned with 
measurements of breakdown at high frequencies, 
radio-frequency conductivity in afterglows, break- 
down and maintaining potentials in helium — neon 
mixtures, and the advantages of deuterium over 
hydrogen as a filling for thyratrons. 


Collision Processes and Energy Distributions 


The other section of the last session was devoted 
to collision processes and energy distributions. Dr. J. 
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Thompson (University College, London) concluded, 
from a study of the energy distribution and concen- 
tration of electrons and the temperature and con- 
centration of positive and negative ions in oxygen 
discharges, that the destruction process for negative 
ions involves oxygen atoms. Probe measurements in 
striated positive columns were discussed in a paper 
by N. D. Twiddy, of University College, London 
(read by Dr. R. L. F. Boyd), and the existence of two 
well-separated groups of electrons demonstrated. 
Theoretical computations of « for argon, helium and 
neon using an energy distribution function for elec- 
trons derived directly from the collision cross-section 
were discussed in a paper by Dr. A. E. D. Heylen and 
Dr. T. J. Lewis (Queen Mary College, London). The 
phenomena attributable to the excitation of hydrogen 
by electron swarms were shown by Dr. R. W. Lunt 
(University College, London) to be explicable in 
terms of the experimental data for mono-energetic 
beams and the recent predictions of wave-mechanical 
theory. L. R. Griffin (Swansea) gave results of 
relative excitation cross-sections in helium computed 
from the intensities of lines in the spectra from high- 
frequency glow discharges. A paper by K. Persson 
(General Electric Research Laboratories, Schenectady), 
who was unable to be present, was read by Prof. 
F. Llewellyn Jones. The paper assessed the micro- 
wave technique and reported recent measure- 
ments on high-density plasmas, showing that the 
method can be greatly extended by applying 
solenoidal probing fields on plasmas with rotational 
symmetry. 

During the conference the delegates were welcomed 
on behalf of the University College of Swansea by 
the vice-principal at a reception given by the College. 
Another much-appreciated feature of the proceedings 
was an afternoon break halfway through the con- 
ference, when delegates were enabled to see something 
of either the industrial life of South Wales at the 
Abbey Works of the Steel Company of Wales, or the 
scenic beauty of the Gower Peninsula. 


J. DuTron 
E. JoNrEs 


THE GENUS DAPHNIA 


ap INIA is a genus of freshwater Crustacea the 


systematic study of which presents many 
difficulties, although the number of species in the 
world is not particularly large. The greatest diffi- 
culty arises from the fact that many of the species 
are very variable in conspicuous characters, such as 
the shape of the head. Ali the specimens of a species 
collected at any one time and place are usually very 
similar to one another, but specimens collected in 
different bodies of water often show great differences 
and also may undergo a cyclical series of changes 
with the seasons of the year. The seasonal rhythm, 
known as cyclomorphosis, is followed only approx- 
mately in the laboratory, and Dr. J. L. Brooks’s 
first study of Daphnia was an investigation at Yale 
of environmental factors concerned, in which his 
discovery of the importance of the turbulence of the 
Water was new and of great interest. The unsatis- 
factory state of the systematics of Daphnia has 
hindered his further studies on the evolution of the 


genus, and his recent memoir* on the systematics of 
North American Daphnia is a result of his very 
successful attempt to remedy this for that part of 
the world which concerns him, and since many of the 
species are also found in Europe and elsewhere, his 
results are of world-wide interest. 

The early workers erected a great many names 
before it was realized how variable a species of this 
genus could be, but for the past fifty years or more 
there has been a great tendency to lump these 
together, many of the old names being kept for the 
numerous ‘varieties’. Dr. Brooks gives strong support 
to those who have suggested that the lumping has 
been excessive, especially with a long series of forms 
which were called pulex if a comb was present on 
the claw of the tail, or longispina if the comb was 

* Memoirs of the Connecticut Academy of Arts and Sciences, Vol. 
13 (November 1957): The Systematics of North American Daphnia. 
by John Langdon Brooks. Pp. 180 (61 plates). (New Haven, Conn. : 


Connecticut Academy of Arts and Sciences, 1957. Obtainable also 
from Yale University Press.) 8 dollars. 
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absent. In Europe, under this scheme, the planktonic 
Daphnia of lakes are all varieties of longispina, 
exhibiting great diversity of form and often with 
marked cyclomorphosis, and pulex is confined to 
small bodies of water; in North America, on the 
other hand, it is pulex forms that inhabit the Great 
Lakes and exhibit a great diversity of form. Dr. 
Brooks finds, however, that the true Daphnia pulex 
occurs in North America, but it is found in ponds as 
it is in Europe, and he assigns other names to most of 
the species in lakes. He also finds, rather surprisingly, 
that Daphnia obtusa and the true D. longispina do not 
occur in North America, though D. rosea does. The 
latter was thought to be merely a variety of longi- 
spina, but good evidence for treating it as a separate 
species is produced, and the applicability of the 
name for the American specimens is shown by a 
reproduction of some pencil drawings made of Sars’s 
type specimens by Richard before 1896. It is very 
fortunate that specimens of Sars’s type material of 
this species now in the British Museum, and which 
Dr. Brooks had not seen, agree fully with his descrip- 
tion. The identification as D. rosea of specimens of 
longispina from England in his collections, and also 
his opinion that D. hyalina and D. galatea (both also 
longispina) are distinct species, will, if substantiated, 
lead to changes in the names of British and other 
European species of Daphnia. 

In addition to extensive collections from most 
parts of North America, Dr. Brooks has made good 
use of the specimens, pencil drawings and other 
materials relating to the pioneer American workers, 
Forbes and Herrick, and also to the European 
authorities, Richard and Sars. This material has 
enabled him to find the correct names for the fifteen 
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species which concern him from among: names 
already published, in spite of the inadequacy by 
modern standards of the older original descriptions. 
To have found an appropriate name in each case, 
and to have been able to give his reasons clearly and 
convincingly, is a great tribute to his patience and 
skill. A lesser man would have invented a series of 
new names. “i 

The bulk of the work is occupied by careful éind very 
full descriptions of the fifteen species, with god line 
drawings and information on the geographical dis- 
tribution and ecology. There is also a key to the 
species with the diagnostic characters figured at the 
side of the page, and an ingenious method of linking 
the drawings with the key. A separate part of the 
work is devoted to a discussion of ten separate 
regions of North America which the author has been 
able to distinguish on the basis of the distributions 
of the species, complex though these are. 

Of particular interest in Britain is Dr. Brooks’s 
discovery that D. ambigua is a widely spread North 
American species, for until now this species had been 
known only in England. It was first found in a pond 
in the Royal Botanic Gardens at Kew, and described 
by Scourfield in 1946, who suggested at the time that 
it had been introduced from abroad with aquatic 
plants. 

This memoir whets the appetite for further pub- 
lications in which an elaboration is promised of 
theoretical considerations, including the reasons for 
the author’s belief in the adaptive significance of 
the extensive cyclomorphic variation in the genus 
Daphnia, which he suggests is the most interesting 
of the fruits of his study of their systematics. 

J. P. Harpine 


A CLIMATOLOGICAL WIND TUNNEL 


By Dr. P. E. WEATHERLEY and H. D. BARRS 
University of Nottingham 


N our studies of the water economy of plants it 
has proved necessary to subject as many as 

thirty large potted plants to known atmospheric 
conditions. For this purpose a wind-tunnel has been 
constructed at Nottingham which provides an air- 
stream of controlled speed, temperature and humidity. 
The control of these major atmospheric factors has 
been so successful that the details of the equipment 
may well be of interest in wider fields of research 
than those for which it was designed. 

Our aim has been to control temperature, humidity 
and wind speed independently, thus making it 
possible to realize any one of a wide range of atmo- 
spheric conditions. Furthermore, it was not only 
necessary to hold any reasonable combination of 
temperature and humidity constant, but also to be 
able to change from one set of conditions to another 
fairly rapidly and even, if possible, to change con- 
ditions continuously and smoothly in a known way ; 
in other words, to set a programme of climatic 
change. The equipment to be described fulfils these 
aims in large measure. The wind-speed can be 
varied between 2 and 16 ft./sec., the temperature 
between 10° and 40° C., and the relative humidity 
between 40 and 100 per cent at temperatures around 
25° C., whiie at 35° C. a relative humidity as low as 
25 per cent can be achieved. 


In the first instance, no control of light has been 
attempted, natural light being used by constructing 
the working section of the tunnel of glass and erecting 
the tunnel in a glasshouse. Fig. 1 represents sections 
of the equipment seen from the side and end. The 
tunnel is of a closed-circuit type, and has a working 
compartment 12 ft. long, 3 ft. wide and 2} ft. high, 
below which is a trough 14 in. deep for the pots. 
Thus, the pots are kept out of the main air-stream. 
This compartment consists of a wooden frame bearing 
glass panels, those forming the sides being fitted in 
felt-lined grooves to slide vertically and give access 
to the tunnel. The end sections and return duct 
underneath the working compartment are lined with 
tempered hardboard and have cavity walls for heat 
insulation. 

The aerofoil fan F (Fig. 1) is belt-driven by an 
externally placed 4 h.p. d.c. motor connected to 4 
Ward Leonard set giving speed regulation by voltage 
control. The air stream is deflected through two 
right angles by the guide veins G, through section C 
containing the sensitive elements of the control 
system, to the working compartment via the honey- 
comb H. This arrangement gives an even distribution 
of air-flow in the working compartment, no more 
than 5 per cent variation in wind-speed occurring 
across the tunnel. No guide veins are used at the 
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Fig. 1. Elevation diagrams of the tunnel viewed from the side and end 


end HZ, since here turbulence is of little significance. 
The refrigerator R used both for cooling and drying 
the air is enclosed in a cabinet through which no air 
passes unless the refrigerator fan is in operation, 
when a part of the air-stream is drawn over the 
cooling coils. These coils are kept at a little above 
freezing point, and moisture condensing on them is 
collected on a tray beneath and drained to the ex- 
terior. The refrigerator compressor is situated out- 
side the glasshouse. The heating elements K consist 
of bare coils strung across a frame and are arranged 
in three banks. One bank approximately balances 
the cooling effect of the refrigerator and is switched 
on automatically when the refrigerator is being used 
for dehumidifying the air-stream. A second bank is 
used for temperature control, and a third is manually 
operated to provide ‘background’ heating when the 
tunnel is operating at temperatures appreciably 
above ambient. 

After passing over the heating elements the air- 
stream may be humidified by the atomizers A. 
These are operated from a compressed-air line and 
switched on and off by a magnetic valve. 

Wind speed is set by adjusting the voltage of the 
d.c. supply to the fan motor, the voltmeter readings 
being calibrated in terms of wind-speed measured on 
an anemometer in the tunnel. Once set, the wind 
speed shows no detectable variation. The tem- 
perature and humidity control is of a simple ‘on-off’ 
pattern. The sensitive elements are resistance 
thermometers of platinum wire on mica formers 
unencased so that they are of low heat capacity and 
respond very rapidly to change of temperature. 
Each element forms part of a Wheatstone bridge 
circuit in which any unbalance due to a temperature- 
induced change in resistance of the element deflects 
a galvanometer. The position of the galvanometer 
needle whether at zero or to the left or right is 
sutomatically ‘tested’ every 10 sec. and according 
to its position the appropriate contactors are operated 
via mercury switches. Three resistance thermometers 
are used: one for temperature control and the 
remaining pair for humidity control on the principle 
of wet-bulb depression, one of the pair being draped 
in wet muslin, and the control operating on the 
difference in temperature between the wet and dry 
elements. The wet element is fitted with a small fan 
to ensure its adequate ventilation at low wind speeds. 
Each of the two bridge circuits with its galvano- 
meter, synchronous motor, etc., is installe’ in a 
control box provided with a temperature scale and 
setting lever. In addition, each box can be fitted 
with a cam (of any desired shape), which alters the 
setting lever as it rotates and provides, instead of 
steady atmospheric conditions, a continuous change 
of temperature or humidity or both. This equipment 
8 made up of standard commercial units and together 


with the specially designed resistance thermometers 
was supplied by the Foster Instrument Co., of 
Letchworth, Herts. 

Operation of the control system is as follows. If 
the temperature in the tunnel falls below the set 
temperature, heating elements K are switched on 
(these can be varied between 4 and 3 kW. and are 
set manually according to requirements). If the 
temperature rises above the setting, the refrigerator 
fan and compressor are switched on. Between these 
two there is a ‘mid off’ position having a range of 
0-1° C., within which neither the refrigerator nor 
heaters operates. Similarly for humidity control, if 
the difference in temperature between the wet and 
dry elements is greater than the set value the 
atomizers are switched on. If the difference is less, 
the refrigerator fan, compressor and balancing 
heater are switched on. Here again there is a ‘mid 
off’ interval of 0-1° C. When cool, dry conditions are 
required, both the temperature and humidity con- 
trollers switch on the refrigerator, but in this event 
the balancing heater fails to operate and both a 
cooling and dehumidifying effect of the refrigerator 
is obtained. When cool, wet conditions are required, 
both the refrigerator and atomizers will operate, and 
here the humidifying effect of the latter must be 
sufficient to over-ride the dehumidifying effect of the 
former. This is merely a matter of having sufficient 
atomizers. 

As yet the contiol of the tunnel is not entirely 
automatic. For precise control it is necessary to 
keep the ‘on-off’ heaters as small as possible, using a 
continuous background heater which would itself 
maintain the temperature at a little below the 
desired level. The power of this background heater 
depends on the difference between the desired level 
and that in the surrounding greenhouse. In the 
summer time the temperature of the greenhouse 
varied widely during the daytime, and this necessitated 
periodical manual adjustment of the background 
heaters. In fact, it would not be difficult to control 
these automatically in relation to the ambient 
temperature. 

Ordinary meteorological thermographs and hygro- 
graphs have been used to record conditions in the 
working compartment. These are not necessarily 
reliable in recording the absolute levels of tem- 
perature and humidity under the conditions of 
violent change sometimes imposed upon them. But 
they are very sensitive to variations in conditions 
and respond rapidly ; thus they are useful for testing 
the degree of control attainable. Absolute levels of 
temperature and relative humidity were checked 
using wet and dry bulb mercury thermometers. The 
instruments were shaded from direct sunlight. 

The precision of control depends on the com- 
bination of temperature and humidity chosen and, of 
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course, on the variation of temperature inside the 
glasshouse. A given temperature is usually main- 
tained indefinitely within + 4° C. or better, and the 
relative humidity within + 1 per cent or better. 
Examples of the performance of the control system 
are shown in Figs. 2 and 3. Stepwise changes in 
humidity at a constant temperature are shown in the 
upper part of Fig. 2. These were simply obtained 
by altering the humidity control setting from time 
to time. It will be noted that the change is effected 
rapidly ; indeed, the humidity probably changed very 
quickly, the curves shown in the records representing 
the maximum speed of response of the hygrograph. 
The maintenance of constant humidity at various 
temperatures (Fig. 2, lower part) necessitated the 
adjustment of both the temperature and humidity 
controls at each step, the difference between the wet 
and dry bulb temperatures to give the same relative 
humidity at each temperature being obtained from 
tables. Deviations in relative humidity as much as 
+ 2 per cent occur during the change of temperature, 
but at each steady temperature the deviations are 
seldom more than + 1 per cent. 

As mentioned above, the control units could be 
fitted with programme cams giving continuous 
smooth adjustment of temperature and humidity. 
For a programme of changing humidity at constant 
temperature a cam is fitted to the humidity con- 
troller only. The result is shown in Fig. 3 (upper 
part). Varying temperature at constant humidity 
requires cams fitted to both temperature and humidity 
controllers ; atypical result is shown in Fig. 3 (lower 
part). The cams in these two examples were eccentric 
circles giving sine curves of temperature or humidity, 
but asymmetrical cams or cams with fairly steep 
steps can be cut to give a wide variety of programmes. 
Also the speed of rotation of the cams can be varied 
within wide limits. 

It should be emphasized that these results were 
obtained in a glasshouse often with intermittent 
sunlight and widely varying temperature. Fluorescent 
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Fig. 2. Thermograph and hygrograph records taken in the 
working compartment. Upper part, various levels of humidity at 
constant temperature ; lower part, various levels of temperature 
at constant humidity 
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Fig. 3. Upper part, a programme of changing humidity at con- 
stant temperature ; lower part, a Linky cheery of changing tem- 
perature at constant humidity 


lighting is ultimately to be fitted around the outside 
of the working compartment and with this some 
control of the remaining major climatic factor should 
be achieved. 

The success of this equipment can be attributed to 
three factors: (a) very sensitive control elements 
with low heat capacity ; (b) equipment arranged to 
give clear-cut ‘on: off’ with as little carry-over as 
possible; this meant heaters of low heat capacity, 
refrigerator with a by-pass air current which could 
be stopped instantaneously, as could the atomizers ; 
(c) excellent mixing in sequence such as is only 
achieved in a circulatory system. 

The working compartment represents a bench 
space of 36 sq. ft.—equivalent to that in a small 
room. It is suggested that the air conditioning of an 
enclosed bench with circulation in the form of 4 
closed circuit air stream gives more precise control 
than that of a whole room with less good or irregular 
mixing. A more detailed description of this equip- 
ment will be published in due course elsewhere. 

We wish to thank the Nuffield Foundation for @ 
grant of £1,100 and the University of Nottingham 
for a grant of £475. These together provided a sum 
covering the total capital cost of the equipment and 
a small part of the labour costs. The glasshouse 
with its services and the major part of the labour 
costs were not covered by the grants. Thanks are 
also due to Prof. C. G. C. Chesters for his generous 
provision of departmental facilities, to Mr. J. H. 
Broadbent for his skill and patience in constructing 
the tunnel, and to many colleagues for their 
advice. 
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SERUM ANTIBODY AND 7-GLOBULIN IN BABY RABBITS 
AFTER TRANSFER OF RIBONUCLEOPROTEIN 
FROM ADULT RABBITS 


By Dr. MIROSLAVA HRUBESOVA*, Dr. BRIGITTE A. ASKONAS and Dr. J. H. HUMPHREY 


National Institute for Medical Research, London, N.W.7 


ABY rabbits in the first days of their life do not 

appear to give an antibody response to various 
substances, such as Salmonella antigens, Brucella 
antigens and bovine gamma-globulin, which are potent 
antigens in adult animals. The earliest age at which 
an antibody response can be elicited is usually about 
20 days', though with large amounts of Salmonella 
antigen there may be some response in 10-day-old 
rabbits. This failure to form antibodies appears to be 
correlated with the fact that young animals do not 
form y-globulin in appreciable quantities*.*. 

Recent work by Sterzl and HrubeSova‘ has shown 
that detectable antibodies to Salmonella paratyphi B 
appeared in the blood 3-5 days after intraperitoneal 
injection into 5-day-old rabbits of a ribonucleoprotein 
preparation from the spleens of normal adult rabbits, 
which had themselves received a dose (5 x 108 
organisms) of heat-killed Salmonella two days pre- 
viously, but the serum of which did not at that time 
contain detectable agglutinins. The injected ribo- 
nucleoprotein did not possess demonstrable anti- 
bodies as tested by the agglutination method. 

It was of interest to know whether the antibodies 
in the baby rabbits receiving ribonucleoprotein were 
formed de novo in animals too young to react to 
antigens or arose from some transferred precursor. 
We attempted to determine this by injecting amino- 
acids labelled with carbon-14 into the babies and 
isolating the agglutinins. Newly formed antibody 
would be expected to be radioactive, whereas pre- 
formed antibody from the donor would remain 
unlabelled. 


Isolation of Agglutinates following Injection of 
Ribonucleoprotein and Amino-acids labelled with 
Carbon-14 into Baby Rabbits 


A suspension containing 5 x 10* heat-killed organ- 
isms of Salmonella typhimurium Glasgow (which has 
the same O antigen as S. paratyphi B) was injected, 
intravenously, into normal adult rabbits; donor 
rabbits were selected with serum agglutinin titres to 
8. typhimurium not exceeding 1:2. Two days later 
tibonucleoprotein was prepared from a saline extract 
of spleen by precipitation with ethanol‘ and injected, 
intraperitoneally, into half of a litter of 5-day-old 
baby rabbits, the litter mates being used as controls. 
In different experiments the babies received 400- 
900 ugm. of ribonucleoprotein containing less than 
15-30 per cent of ribonucleic acid (based on estimates 
of total nitrogen and phosphorus). On the seventh 
and eighth postnatal day the injected and control 

bies each received, intraperitoneally, equal doses 
(35-50 uc. + 1 mgm.) of amino-acids labelled with 
tarbon-14 prepared by acid hydrolysis of biosyn- 
thetically labelled Chiorella protein (Radiochemical 


* Present address: Biological Institute, Czechoslovak Academy of 
nees, Prague, Czechoslovakia. 


Centre, Amersham) and they were killed on the ninth 
postnatal day. These times were chosen in the light 
of the experiments of Sterzl and HrubeSova‘ showing 
that antibody titres reached a maximum 4-5 days 
after injection of ribonucleoprotein. 

The sera from each group of baby rabbits were 
pooled and fat particles were removed by centri- 
fuging for 60-90 min. at 18,000 g. The agglutinin 
titre was determined using 1 ml. of serum. The 
remaining serum (4-5 ml.) from both groups of 
rabbits was treated identically to determine the 
radioactivity of the specific agglutinins, and non- 
specific serum proteins absorbed on to the bacteria. 
Excess S. typhimurium (0-7-1 x 10° organisms/ml. 
serum) were added to the serum, which had been 
diluted with an equal volume of saline containing 
0-2 per cent of neutral ethylene diamine tetraacetate 
and 30 mgm. mixed amino-acids (added to minimize 
adsorption of amino-acids labelled with carbon-14 
and complement on the organisms). After 2 hr. at 
37° C. and 2-3 days at + 4°C., the organisms were 
collected by centrifugation, washed twice with normal 
rabbit serum (containing no detectable agglutinins), 
once with saline and once with water. The organisms 
were suspended in 5 N ammonium hydroxide, dried 
on 2 cm.? polyethylene disks and their radioactivity 
determined at infinite thinness with a thin window 
counter. To obtain the specific radioactivity of the 
agglutinins, the amount of protein absorbed on 
the bacteria was determined by the method of Lowry 
et al. after extracting the organisms with 0-1 N 
sodium hydroxide. The extractable protein con- 
tent of the organisms was determined by wash- 
ing and extracting a saline suspension in the same 
way, and was deducted so as to obtain the amount of 
protein absorbed on the bacteria from the sera. 

The results of such experiments are shown in 
Table 1. Although in two of the three experiments 
O agglutinins appeared in higher titres in serum of 
babies treated with ribonucleoprotein from injected 
donors than in serum of controls, it is evident that 
considerable non-specific adsorption of serum. proteins 
on the bacteria occurred in all cases and there 
were no striking differences in the specific radio- 
activity of the absorbed proteins in the different 
groups of rabbits. By comparing agglutinin titres 
and precipitating antibodies of a serum from a rabbit 
hyperimmunized against purified soluble O antigen, 
we have estimated that an agglutinin titre of 1/16, 
under our experimental conditions, corresponds to 
less than 0-4 pgm. antibody per ml. Thus, the 
amounts of specific antibody to be sought in the 
babies’ serum samples were not more than 2 pgm. 
To measure the radioactivity of such small quan- 
tities would only be possible if non-specific uptake 
of other proteins could have been completely elimin- 
ated. Therefore, no conclusions can be drawn as to 
whetier or not the agglutinins were formed de novo 





NATURE 


Table 1 





Weight of 
Aggiutinin | _ protetr 
jutinin protein 
titre of eluted from 
pooled sera bacteria 
(ugm./ml, 
serum) 


Sp. activity 


Material injected 





RNP from in- 
jected donor 20 


ala 13 
RNP from in- 
jected donor 65 


_ 81 
RNP from in- 
jected donor 4 





RNP from normal 
| donor and 
0-5 wem. O 
antigen 2 152* 5-7 
0-5 uwegm. O 
antigen 2 124* 28-3 
| —_— 2 122° 23-2 




















* 8. typhimurium organisms added to undiluted serum in the 
absence of versene. 
t Litter mates were yqsed for each experiment with 2-3 babies per 


group. 
RN P = ribonucleoprotein. 


in the baby rabbits which received ribonucleo- 
protein. 


Test for Preformed Antibody in Ribonucleoprotein 


The possibility that antibodies were passively 
transferred with the ribonucleoprotein preparation 
was considered by Sterzl and HrubeSova‘, but they 
could not detect agglutinins in the material which 
they used for transfer. We found that the sera of 
normal rabbits from all the stocks available to us— 
even though classed as negative by direct agglutina- 
tion tests—contained detectable antibodies (1/8—1/16) 
against the O antigen of Salmonella typhimurium, 
when tested by the more sensitive hemagglutination 
technique’, using red cells sensitized with a purified 
O antigen kindly provided by Dr. D. A. L. Davies. 
This suggested that the rabbits might have been 
subject to weak stimulation with some related antigen 
(for example, from the intestine or from inhaled 
dust) ; this suggestion was strengthened by observing 
that injection of 0-02 ygm. of the O antigen into our 
normal rabbits gave rise to high titres of agglutinins 
within 4 days—characteristic of a secondary, rather 
than of a primary, response. If this is so, it might be 
expected that the spleen taken from donor rabbits 
two days after injection of S. typhimurium would 
already be making some antibody, and that the 
ribonucleoprotein fraction (which was prepared in 
in such a way as to contain y-globulin) might contain 
sufficient antibody to give rise to agglutinins in the 
recipient babies. 

We therefore re-investigated this question, and 
treated the ribonucleoprotein with ribonuclease, 
trypsin and carbonate buffer pH 9-5, in an attempt 
to release antibody complexed with nucleic acid 
or other proteins. We were, however, unable to 
detect preformed agglutinins in the ribonucleo- 
protein by the hemagglutination technique. With 
the possibility in mind that living tissue might 
split off antibody, ribonucleoprotein was added to 
the perfusing fluid in the isolated perfused lung 
system described by Askonas and Humphrey’, and 
the fluid was examined for the presence of antibody 
after various time intervals. None was detectable 
after up to 6 hr. of perfusion. Furthermore, we 
found that ribonucleoprotein had no inhibitory effect 
on the agglutination reaction, even when tested with 
minute quantities of antibody. There is, therefore, 
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no evidence that agglutinins appearing in the babies 
after three days were due to passive transfer of pre. 
formed antibody. If such transfer is the explanation, 
the antibodies must be present in some masked form, 
There is also the possibility that antigen-antibody 
complexes are present, since Sterzl and HrubeSovat 
found indirect evidence for occasional transfer of 
traces of antigen. 


Incorporation of Amino-acids labelled with 
Carbon-|4 into Plasma Proteins in Baby Rabbits 

These experiments provided an opportunity fot 
observing the degree of incorporation of amino-acids 
labelled with carbon-14 into plasma proteins in 
7-9-day-old rabbits. After absorption of the sera 
with S. typhimurium the specific radioactivity of the 
remaining proteins was measured as follows : albumin, 
«-globulin and @-globulin were isolated from 1 ml. of 
serum by electrophoresis on treated cellulose columns’. 
The fractions were dialysed under pressure, protein 
precipitated with trichloroacetic acid, and the radio- 
activities of the dried washed proteins determined at 
infinite thickness. There was insufficient y-globulin 
in these sera to permit isolation by this method, 
and we therefore used the diethylaminoethy] cellulose 
ion-exchange column described by Peterson and 
Sober*. By using 0-015 M phosphate buffer, pH 6-0, 
y-globulin could be isolated, contaminated only, 
in some sera, with hemoglobin. The extent of 
such contamination was estimated colorimetrically 
and, when it was significant, hemoglobin was pre- 
pared from pooled red cells of the rabbits in the same 
experimental group, and its specific activity measured, 
in order to permit correction of the y-globulin radio- 
activity measurements. 

The total protein content (by Kjeldahl nitrogen 
estimation) of 9-day-old rabbits’ sera was about 
two-thirds that of adult serum. The percentage of 
the component serum proteins was similar in all 
groups of baby rabbits, as judged from the elution 
diagrams of the columns based on the ultra-violet 
absorption of the protein at 280 my. Sera from adult 
rabbits were treated similarly, for comparison, and 
average values are given in Table 2. The concen- 
tration of y-globulin was about 1 mgm./ml. as 
confirmed by immunochemical estimations, using 
goat anti-rabbit serum rendered specific for rabbit 
y-globulin by absorption with other rabbit serum 
fractions. 


Table 2. PROTEIN COMPOSITION OF SERA OF 9-DAY-OLD AND ADUIT 
RABBITS 





} Per cent of total serum protein (based | 
| | on measurement of protein absorption | 


at 280 my) 
9-day-old rabbit | adult rabbit 





Albumin 66°5 
a-Globulin fraction 19-5 
8-Globulin fraction 10: 
y-Globulin | 3° 


| 
| 
| 
} 
——— | 
| 
| 





All the serum proteins became labelled, and it is 
of some interest to compare the relative specific 
activities with those found in adult rabbits 48 hr. 
after injection of a similar mixture of amino-acids 
labelled with carbon-14. Our findings are shown m 
Table 3, in which it may be seen that, with the 
exception of y-globulin, the relative incorporation of 
amino-acids labelled with carbon-14 into the various 
fractions was similar in both treated and control 
groups of babies, and not very different from the 
results in the adult rabbit. 
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Table 3. RELATIVE RADIOACTIVITIES OF SERUM PROTEINS 48 HR. 

AFTER ADMINISTRATION OF AMINO-ACIDS LABELLED WITH CARBON-14 

(Values are means of several experiments and are expressed as percent- 
ages of the radioactivity of serum albumin) 








| 
| 





Group Albumin | a-Globulin | 8-Globulin | y-Globulin 
Adult rabbits 100 170 155 70 
Control 9-day-old 2 
rabbits (3 exps.) 100 135 123 14 
Babies (9 days) in- 





jected at 5 days 
with ribonucleo- 
protein (3 exps.) 100 134 133 38 

















Since the extent to which a labelled amino-acid 
becomes incorporated into plasma proteins depends 
upon several factors (such as the rates of synthesis 
and degradation, pool size, and amino-acid com- 
position of the protein), detailed interpretation of 
these results is not possible with the results available. 
Comparison of the two groups of babies is, however, 
valid. Incorporation of carbon-14 into y-globulin 
(and hence the rate of synthesis) is strikingly low in 
both groups, especially when the very small size of 
the y-globulin pool is considered. However, it was 
two to three times greater in the rabbits which 
received ribonucleoprotein than in the controls, 
whether or not there was a detectable rise in anti- 
body titre. This indicates that y-globulin synthesis, 
although still very small, was stimulated by the 
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injections of ribonucleoprotein. By what mechanism 

this effect was produced we are unable to say. In 

all but one experiment, in which the spleen of one 

control baby was quite abnormally large, the spleens 

of animals in the ribonucleoprotein groups were 

10—40 per cent heavier than those of control animals, 

after correcting for any differences in body-weight. 

The possibility that this was due to stimulation of 

plasma cell proliferation by the ribonucleoprotein 

was examined histologically, in sections of spleen 

stained with pyronin and methyl green. Plasma 

cells were, however, too few to be detected, in any 

of the babies’ spleens—an observation which excludes 

such cells from being the main factor in splenic 

enlargement, though not necessarily in y-globulin 

formation. 

1 §terzl, J., Fol. Biol. Praha, 1, 193 (1955). Sterzl, J., and Trnka, Z., 
Nature, 179, 918 (1957). 

* Josephson, B., and Cryllensward, C., Scand. J. Clin. Lab. Invest., 9, 
29 (1957). 

® Dancis, J., and Shafran, M., J. Clin. Invest., 37, 1093 (1958). 

‘Sterzl, J., and HrubeSova, M., Csl. Biologia, 4, 600 (1955); Fol. 
Biol. Praha, 2, 21 (1956). 

°> Lowry, O. H., Rosebrough, N. J., Parr, A. L., and Randall, R. J., 
J. Biol. Chem., 193, 265 (1951). 

* Crumpton, M. J., Davies, D. A. L., and Hutchison, A. M., J. Gen. 
Microbiol., 18, 129 (1958). 

7 Askonas, B. A., and Humphrey, J. H., Biochem. J., '70, 212 (1958). 

* Porath, J., Biochim. Biophys. Acta, 21, 368 (1956). 

® Peterson, E, A., and Sober, H. A., J. Amer. Chem. Soc. ,78, 751 (1956). 


Pneumoconiosis Research Unit, Council for Scientific and Industrial Research, 
South African Institute for Medical Research, Johannesburg 


INERAL silicates have been directly implicated 

as fibrogenetic agents in certain of the pne::mo- 
conioses (for example, asbestosis) and conceivably 
play a part in others. For example, Witwatersrand 
gold miners suffering from ‘classical’ silicosis have 
inhaled silicates in addition to quartz. If silicates 
and quartz dissolve in vivo, the silicate ions released 
may produce precipitated silicates by reaction with 
body metals. It was therefore decided to explore 
the reaction of some mineral and _ precipitated 
silicates with chelating agents. It was found that 
removal of metal from silicates resulted in break- 
down of the silicate lattice and the release of silicate 
ion. Chelating agents may also be useful in that 
they offer possibilities for accomplishing ion exchange 
on the surface of the causative agents of the pneumo- 
conioses; this is the subject of a forthcoming 
publication?. 

The silicates used were (a) olivine, crocidolite, 
antigorite, chrysotile, tale and orthoclase from South 
African mines ; (b) those of Ca?+, Mg*+, Al%+, Fe? 
and Cu%+ precipitated from aqueous solutions ; 
(¢) tricalcium silicate made at 1,500° C. Most experi- 
ments were done with ethylenediamine tetraacetic 
acid as chelating agent; but penicillamine and 
glycine were also tried. 

100-mgm. samples of each mineral (1-100 dia- 
meter particles unless otherwise stated) were agitated 
with 26-5 ml. aqueous 0-75.M ethylenediamine 
tetraacetic acid (trisodium salt), that is, enough to 
chelate several times the metal present. The reagent 





was buffered to pH 7:4 by adding 0-315 gm. H,BO, 
and 0:05 gm. Na,B,0,.10H,O. Control experiments 
using the buffer solution only gave less than 10 per 
cent of the values obtained with ethylenediamine 
tetraacetic acid with most of the minerals and have 
not been deducted from the results presented except 
as indicated. In process 1, the reactions were not dis- 
turbed except for the removal of small volumes of 
supernatant for analysis. In process 2, the mixtures 
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Fig. 1. Dissolution of antigorite and chrysotile in ethylenediamine 
tetraacetic acid 
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Mineral 


Composition (by analysis) 


Reaction 
_ Silicate (lattice type) temp. (°C.) 


Per cent dissolved using Pr 
1 hr. a" mt 





Olivine 
Olivine 
Crocidolite 
Antigorite 


Chrysotile 
Chrysotile 





90 per cent Mg,SiO,, 

10 per cent Fe,SiO, 

90 per cent Mg,SiO,, 

10 per cent Fe,Si0, 

64 per cent NaFe(SiO,)., 
t FeSiO, 


Nesosilicate 93* 9-2t 
Nesosilicate 3:3 
Inosilicate 3-3 
Phyllosilicate (tubular) 20-64 


Phyllosilicate (tubular) 0-55 
Phyliosilicate (tubular) 4-20T 


Chrysotile (1 cm. fibres) 
Tale 
Orthoclase KAISi,O, 








Phyllosilicate 0-7t 
Tectosilicate 0-0 

















* Boiling point of solution in Johannesburg. x 
+ Reaction continues using process 2 Be 
t Reaction continues very slowly using process 2 ; the high control values (45-60 per cent) have been deducted. 


were centrifuged hourly and the supernatants re- 
placed by fresh reagent. The percentages dissolved 
were determined by silicate’, iron* and magnesium‘ 
analyses as appropriate on the supernatants. 

At 93° C., antigorite, chrysotile and olivine reacted 
fairly rapidly, orthoclase did not react, and crocidolite 
and tale reacted slowly. Antigorite and chrysotile 
continued to react until near completion using pro- 
cess 2 at 93° C. (Fig. 1), and the cessation of reaction 
noted in process 1 was due to the deposition of 
silicate on the particles. This was proved by taking 
antigorite which had ceased to react after seven 
hours, using process 1 at 93° C. and re-treating it with 
fresh reagent; the mineral then again began to 
dissolve, but the supernatant contained dispropor- 
tionately more silicate than magnesium. 

The l-cm. chrysotile fibres reacted at about one- 
fifth of the rate of the powder, which was at least 
200 times shorter. Antigorite and chrysotile par- 
ticles of similar size reacted at almost identical rates 
(Fig. 1). In view of these facts and the published 
structures®,* of the two minerals, it appears that 
reaction with ethylenediamine tetraacetic acid prob- 
ably occurs by abstraction of metal from the Mg—OH 
(outer convex) layer. In olivine, metal ions occur on 
outer surfaces, but in tale (which reacts very slowly) 
they do not. Crocidolite reacted slowly, although 
recent literature’ groups it with amphiboles, that is, 
having metal ions on the outer surface. Orthoclase, 
in which aluminium replaces silicon in the lattice, 
does not react. 

Neither glycine nor d-penicillamine, both of which 
are weak chelating agents, reacted with chrysotile at 
93° C. 

Precipitated silicates were prepared by adding 
sodium silicate solution with rapid stirring to metal 
salt solutions at 37° C. The pH’s of the metal salt 
solutions had been adjusted so that the final pH 
after adding the alkaline (pH 11-5-12-0) silicate 


REACTION OF PREOIPITATED SILICATES WITH ETHYLENE- 


Table 2. 
DIAMINE TETRAACETIO ACID 





m.moles metal 
mixed with 
1 m.mcle 
silicate 
(as SiO,) 


Mixture 
volume (ml.) 


m.moles metal 
per m.mole 
silicate (as 
SiO,) in 
precipitate 


Percentage 
reaction 





0-44 
1-02 
2-18 
15 
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* Included to show that composition depends on ratio of metal/ 
licate used. 


solution was as high as possible without causi 
precipitation of the metal hydroxide. The thoroughly 
washed precipitates were shaken for five minutes 
three times at 37° C. with 0-75 M ethylenediamine 
tetraacetic acid in 0-9 per cent saline (pH 7-4). The 
extents of reaction were determined by analysis of 
the supernatants, namely, for calcium (flame photo. 
metry on the oxalate), magnesium‘, aluminium!, 
iron’, and copper (as the ethylenediamine tetraacetic 
acid chelate colorimetrically at 725 my). 

Only the precipitated aluminium silicate failed to 
dissolve completely under the conditions used. Aged 
copper silicate (five weeks) behaved in the same way 
as that freshly prepared. 

Synthetic tricalcium silicate® (actually 70 per cent 
3Ca0.Si0,.13H,O and 30 per cent 5Ca0.2Si0,.H,0 ") 
dissolved within five minutes at 25° C. in the ethylene. 
diamine tetraacetic acid solution. This material thus 
reacted far more rapidly than olivine, a member of 
the same structural group. 

It is apparent that ethylenediamine tetraacetic acid 
at body temperature reacts so slowly with the mineral 
silicate types studied that its therapeutic application 
in this respect, if any, will be restricted to a few 
special cases. Since magnesium is lower in the 
ethylenediamine tetraacetic acid -— metal stability 
series than calcium, calcium ethylenediamine tetra- 
acetic acid is, in any event, inapplicable to the in vivo 
removal of olivine, chrysotile or antigorite. Pre- 
cipitated silicates of metals higher than calcium in 
the ethylenediamine tetraacetic acid series (if they 
exist in vivo) would probably be removable by calcium 
ethylenediamine tetraacetic acid. 

We wish to record that we decided to carry out 
this work following the administration of calcium 
ethylenediamine tetraacetic acid to a miner which 
had been suggested by Dr. Harriet Hardy. 

We thank Dr. I. Webster for discussion, Dr. 
H. F. W. Taylor for the tricalcium silicate and Mr. 
W. J. van Biljon for mineral silicates. Some of the 
preliminary experiments were carried out with Mr. 
L. W. Marasas. 

This article is published by permission of the South 
African Council for Scientific and Industrial Research. 
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PHYSICAL SCIENCES 


Possibility of lon Runaway in Zeta 


ABOVE a certain critical velocity the rate of loss 
of momentum of an ion in Coulomb collisions with 
other particles decreases with relative velocity. This 
leads to the possibility that ions in a plasma can be 
continuously accelerated by an electric field. Such 
ions are called ‘runaway’ ions. 

George’ has suggested that some of the observa- 
tions on Zeta® can be explained in terms of runaway 
ions. By modifying an expression® applicable to 
runaway electrons and by ignoring ion — electron 
collisions, George obtains a condition for ion run- 
away based solely on ion —ion collisions. This pro- 
cedure is not permissible. The velocity of those 
ions on the Maxwell tail of the ion distribution is 
much less than the mean thermal velocity of the 
electrons (W,) and so the frictional force on these 
ions due to the electrons increases with the ion 
velocity, and becomes very much larger than the 
ion - ion friction force. The class of electrons which 
can gain energy continuously consists, on the contrary, 
of the fastest particles in the plasma (apart from the 
runaways), so that their rate of loss of momentum 
decreases with increasing electron velocity. 

The condition for an ion to ‘runaway’, in a fully 
ionized plasma, can be derived from the investiga- 
tions of Chandrasekhar‘ by replacing his gravita- 
tional interactions by their electrical analogues. A 
singly charged test ion moving with velocity w; 
through a Maxwellian distribution of electrons will 
experience a frictional retarding force given by*.® : 


| 
j- ee E+ See a 
; Me 


mM; 


: ; wie 
t= Lw;, 1.2 = m,/2kT., that is, = 


bo | 


léw? = = 
wer \ (2) 
Os) = PC) — Oe), wie) = s ['exp(— yay 

ud 0 


22% 


The subscript i refers to ions and e to electrons ; 
mis particle mass ; n, particle density ; e, electronic 
charge ; k, Boltzmann’s constant ; and A, the ratio of 
the Debye shielding distance to impact parameter for 
90° deflexion’, 

If the velocity of the ion is less than the mean 
thermal velocity of the electrons then the frictional 
foree increases with the relative velocity ; if, on the 
other hand, the ion velocity is greater than the mean 
electron velocity the friction force decreases with 
mereasing velocity. 

First let the velocity of the test ion be appreciably 
greater than the mean thermal velocity of the 
electrons, in particular if : 


wilde > 1:6 (3) 


then from (2), to within about 5 per cent: 
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1 
lew) = as (4) 
e a 


and (1) becomes: 
a oS 


that is, the friction force is proportional to 1/w;?. 

Thus, for sufficiently high initial velocity, the 
applied electric force will exceed the friction force 
and the test ion will runaway. In Zeta, however, the 
velocity of the ion is only greater than the mean 
thermal velocity of the electrons if the ion energy is 
greater than 200 keV. (assuming 7, = 5 x 105, see 
ref. 6). The observed’ ion energies are less than 20 keV. 

Now let the ion velocity be less than the mean 
velocity of the electrons, say : 


4re‘n,logA 1 
Me we 


(5) 


wilWe < 0-5 (6) 
then from (2) 
G(lw;) <= 0-376 1w; (7) 
and (1) becomes : 


ms 8re‘n, logA m,'!* 
(2kT'e)3/? 





. 0-376 w; (8) 


that is, the friction force increases with increasing 
velocity and runaway is not possible. In fact, the 
ions reach a terminal velocity which is given by 
equating the applied electric force to the friction 
force; it is: 

ET, {2 


Rn 0-94 9 
a et Ne ) =e logA m,}/? 7 (9) 





Since wy has been calculated using a stationary 
Maxwellian velocity distribution for the electrons, it 
is relative to the drift velocity of the electrons. The 
electric field acting on the ions also acts on the 
electrons, and hence the terminal velocity wr is 
physically the same as the drift velocity of the 
electrons, relative to the ions, which governs the 
resistivity of the plasma. The present calculation 
does not take into account the fact that the electron 
and ion distributions in an electric field are not 
Maxwellian and so cannot give an accurate value 
for the electron-ion drift velocity. A more accurate 
value is implicit in the distribution function obtained. 
by Cohen e¢ al.*. 

The above considerations show that runaway ions 
cannot occur in the conditions which apply on the. 
average in Zeta. It is still, of course, possible that 
ion ‘runaway’ occurs in restricted regions of the. 
discharge where conditions are abnormal. Examples 
of such regions are: regions where the electron 
velocity is limited by other means than collisions 
with the deuterons ; regions of low electron tempera- 
ture into which particles may be injected, from other- 
parts of the plasma, with sufficient energy to 
satisfy (3); regions largely occupied by runaway 
electron streams, where ion — electron collisions are. 
unimportant. 

There is as yet insufficient evidence to show- 
whether or not any such regions exist. 
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I am indebted to E. R. Harrison, R. 8. Pease and 
W. B. Thompson for many discussions on this subject. 
A. GrBson 
U.K. Atomic Energy Research Establishment, 
Harwell, Berks. 
Dec. 9. 
* George, K. A., Nature, 182, 745 (1958). 
*Thonemann, P. ©., et al., Nature, 181, 217 (1958). 
® Gibson, A., Proc. Third Internat. Conf. on Ionization Phenomena in 
Gases, 1957, p. 365. : 
* Chandrasekhar, 8., Astrophys.‘J.,-97, 255 (1943). 
* Spitzer, L., “Physics of fonized Gases”, Chapter 5 (Interscience Pub., 
Inc., New York, 1956). 
* Pease, R. 8., et al., Second Geneva Conf. on Peaceful Uses of Atomic 
Energy, 151P/1519 (1958). : 
7 Rose, B., et al., Nature, 181, 1630 (1958). 
* Cohen, R, 8., Spitzer, L., and Routly, P. McR., Phys. Rev., 80, 230 
(1950). ; 


A WNon-Thermal Direct-Current Plasma- 
heating Mechanism 


THE power required to heat a plasma to thermo- 
nuclear temperature may be greatly reduced if one 
can apply the ion relaxation principle suggested 
by Schliiter? and also (in a different form) by Motz 
(unpublished work). In the Schliiter scheme, an 
oscillation in a magnetic field-strength at a frequency 
much lower than the frequency of electron collision 
heats the ions quickly, without appreciably heating 
the electrons. Since, in a plasma at equilibrium, 
the electrons are responsible for nearly all the loss 
of heat, this is a great advantage. In this communica- 
tion it is shown that, under the influence of an axial 
unidirectional electric field (as in Zeta and Sceptre), 
the orbits of electrons in a plasma are distorted in 
such a way that they feed power to travelling com- 
pression waves in the plasma. It is conceivable that, 
by this means, and with a suitable choice of para- 
meters, a substantial fraction of the total power 
available to a ring discharge might be converted to 
ion energy. 

Let us suppose that the magnetic field, B, is: 


Bz = By [1 + a%(z — vgt)*] (1a) 


Br, = —a*®By(z — vat)r (1b) 
with B, and « constants, z, r and ¢ position and 
time co-ordinates, and vg the velocity of the potential 
well. (In a gas discharge, vg will be approximately 
the Alfvén velocity, cBy(eo/p)'/2; see also ref. 2.) 
An electron moving in this magnetic field can be 
characterized by its magnetic moment yu, where : 

u = mv,*/2B (2) 
with v, being the component of the velocity normal 
to B. The parameter wu is very nearly a constant of 
the motion*. We consider motions in the vicinity 
of the z—vgt, r origin. The restoring force on the 
electron is : 


f = -uwB = (3a) 


— 2ua®B oz’ 
where z’ = z — Ugt. The electron thus has simple 
harmonic motion about z’ = 0, at an angular fre- 
quency ©, where : 


(3b) 


In this motion, the magnitude, v’, of the velocity of 
the electron, measured in the primed frame, is also 
nearly constant. If a small eleciric field, —E:, is 
applied, so that |jeHz/amv"|<1, the motion is 


© = (2ua*By/m)'!? = av, (2’ = 0) 
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still nearly harmonic, but the oscillation will now be 
centred about 2’ ~ eH#2/2uByx* = zo. 

For a simple example, suppose the electron orbits 
in a plane normal to the z-axis at zo. The force ef, 
on the electron is balanced by the magnetic force 
ev , B,, and in a time-interval At the work done on 
the magnetic field is AW, = fzAz = ev: B,Az = 
eLzvgAt. In this case, all the work done upon the 
electron by the Ez field is passed on to the B field, 

In the above example, the radial component of 
the force did no work. This is also true for the case 
of an electron which oscillates in z’, when we aver. 
age over a complete cycle. Choosing an appropriate 


z-axis, we have mv, = Beer, and: 


eda | 3 _ m F dv; v, dBz] 4 
ages a Mamas Ok arta Shp 


while, using (2), we have: 


ae dv; — wdBz c 
» dt we ig (5) 


(4) and (5), we 
dt = u AB, which 


setting » constant. Combining (2), 
r 


get AW, = | sever — Jers Be ‘ 
vanishes, when taken over a complete cycle. 

For the work done against B; in the vibratory case, 
we use (1b), (2), and the centrifugal force equation, 
getting fz, = ev, By = 2a*uBoz’. Setting z’ = z + 
2m Sinwt, and vz = Vg + @Z%m coswt, we have: 


W: = | fov.at = 2a*B ul (eo + 2m Sinwt) x 
(Vq + @zm Ccoswt)dt (6) 


which, after integrating, and substituting for z,, 
gives : 


AW:z = 20.°B oz gvqg At = eHyvat 


for the work done during a complete cycle. 

If ZH, is reversed, this effect gives a decrease in the 
energy of the magnetic perturbation. 

It is tempting to generalize this result into the 
following rough rule: in a plasma, an electron that 
moves undisturbed through a complete vibratory 
cycle in its B potential well will divert all the energy 
it has gained from #, in the interval to the magnetic 
field. 

The fraction of the electrons in a discharge which 
will feed energy in this way to the compression 
waves in B will depend upon the electron tempera- 
ture and the amplitude oscillations of intensity 
B. Under suitable conditions, the oscillations 
will be built up, and, if their frequency is appropriate, 
they will heat thu plasma ions by the Schliiter mech- 
anism. It is possible that such oscillations contribute 
to the remarkably fast ion heating in current experi- 
ments’. 

This work was supported by the U.S. Air Force. 


Daryt REAGAN 


Engineering Laboratory, 
19 Parks Road, 
Oxford. 

Oct. 9. 


1 Schliiter, A., Terzo Congresso Internazionale sui Fenomeni d’Ionizza- 
zione nei Gas, 924 (Societa Italiana di Fisica, Milan, 1957). 

2 See, for example, Spitzer, L., “Physics of Fully Ionized Gases”, 8 
(Intersci. Pub., Inc., New York, 1956). e 

2 See the group of papers beginning at p. 217, Nature, 181 (1958). 
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Difference between Cosmic-Ray Equator 

and the Geomagnetic Dip Equator 

Arter several recent measurements on the latitude 
effects of cosmic-ray intensities“? it has been 
suggested that the cosmic-ray equator coincides well 
with the geomagnetic dip equator rather than the 
geomagnetic dipole equator. Even if this is so, how- 
ever, there is still a considerable discrepancy between 
the cosmic-ray and dip equators. One explanation 
of this discrepancy may be an inaccuracy of the posi- 
tion of the dip equator itself, because the dip equator 
is a@ curve obtained by interpolations among the 
observation points. 

During the voyage of the Soya on the second 
Japanese Antarctic Research Expedition, measure- 
ments of geomagnetic total intensities were carried 
out crossing the geomagnetic equator in the South 
(hina Sea. The daily range of total intensity (F) 
was found for each day around the geomagnetic equa- 
tor and compared with that at the magnetic observa- 
tory at Muntinlupa, in the Philippines. Although 
the ratio of the range on the ship to that of Muntin- 
lupa varied considerably from day to day, a smoothed 
curve shows a remarkable feature of F against 
geomagnetic dip angle, as shown in Fig. 1. It is clear 
that the region of maximum range in F is about 4° 
south of the geomagnetic dip equator. 
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On the other hand, cosmic-ray intensities measured 
on the same course during the first Japanese Antarctic 
Expedition show that the position of minimum cos- 
mi¢-ray intensity was found at 6° north geographical 
latitude, which is situated at about 3° south of the 
geomagnetic dip equator‘. Consequently, the cosmic- 
Tay equator coincides with the geomagnetic dip 
equator deduced from the daily ranges of geomagnetic 
total intensities in the South China Sea, or along 
about 110° east geographical longitude. 

These conclusions are valid on the assumption 
that the position of the geomagnetic dip equator is not 
necessarily accurately defined. Next, let us assume 
that the geomagnetic dip equator is accurate. In 
this case similar results are obtained around the 
geomagnetic dip equator in Africa®, South America 
and India‘, except for a slight difference between the 
position of the maximum daily range in F and the 
geomagnetic dip equator. Since it has been suggested 
that an explanation can be found in the superposition 
of the effect, of a narrow equatorial jet-current due to 
the Hail effect in the ionosphere’, the area of maximum 
Tange in F' is situated in the area of zero dip anglo in 
the ionosphere. Therefore, it is suggested that the 
geomagnetic field is more effective in cosmic-ray 
Intensities oxisting in the vicinity of 100 km. above 
sea-level than the geomagnetic surface anomalies, 
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which decrease with height from the Earth’s surface 
to the lower boundary of the ionosphere. 

We would like to express appreciation to Prof. 
T. Nagata and Dr. Y. Miyazaki for their interest and 
encouragement during the expeditions. 
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Infra-red Dispersion Wave-lengths for 


Solid Lithium Fluoride containing Varying 
Proportions of Lithium Isotopes 


In a programme utilizing isotopic mass as a probe 
for the solid state, the infra-red dispersion wave- 
lengths of *Li!®F and ’Li!*F were recently obtained!. 
Since then, improved apparatus and techniques have 
allowed a somewhat better estimate of these wave- 
lengths. Moreover, the study has been extended to 
lithium fluoride containing varying proportions of 
the lithium isotopes. Lithium fluoride was prepared 
by the action of hydrofluoric acid on metallic lithium 
and its oxide, nitride, etc., resulting from exposure 
to the atmosphere. The enrichment of the lithium-6 
sample was specified as 99-3 + 0-2 per cent, and that 
of the lithium-7 as 99-8 + 0-1 per cent. Powdered 
samples of the appropriate composition were evap- 
orated from a platinum boat on to }-mil polyethylene 
sheet. The thickness of the film of lithium fluoride 
as measured by the a.c. conductivity of a known 
volume of distilled water in which a fiduciary portion 
of the film plus sheet had been steeped, was about 
0-2u. Infra-red spectra were obtained by use of a 
Perkin-Elmer ‘Model 21’ double-beam spectrophoto- 
meter with a cesium bromide prism. 

Fig. 1 shows the results for the wave-length of 
the transmission minimum as a function of isotopic 
composition. Each circle represents a separate sample. 
The straight line is drawn through 32 -6y, the accepted 
value? for the fluoride of natural lithium (92-5 per 
cent lithium-7, 7-5 per cent lithium-6), with a slope 
such that the ordinates of the end-points are inversely 
proportional to the square root of the reduced masses 
of *Li?*F and "LiF, that is, 1-059. The best straight 
line fitting the results is a trifle steeper. Our estimate 
of the infra-red dispersion wave-lengths for 100 per 
cent enrichment is the following: ‘Li!®F, 30-8 + 
0-2u; "Li*F, 32-6 + 0-2u; ratio of wave-lengths, 
1-058 + 0-013. These values are in excellent agree- 
ment with those predicted recently by Stevenson 
and Nettley*, namely, somewhat less than 30-9u for 
*‘L’°F and somewhat exceeding 32-5u for "LiF. 
Their values were deduced from measurements on 
the infra-red reflectivity of single crystals grown 
from fluorides made from enriched lithium. 

The enriched isotopes were obtained and their 
analyses provided through Dr. P. 8. Baker, Iso- 
topes Division, Oak Ridge National Laboratory. 
We thank also A. G. Strelzoff and L. W. Hantel 
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for help in preparing the lithium fluoride and in 
evaporating the films. The U.S. Atomic Energy 
Commission and the Michigan State University 
All-University Research Fund kindly provided sup- 
port for this work. 
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Optically Active Fluorite Films 

THE possibility of evaporating in vacuum an optic- 
ally active film of an otherwise isotropic material, by 
oblique deposition on to a flat glass substrate revolving 
about its normal as an axis, is confirmed. The 
helically deposited fluorite films ranged up to about 
18. thick, and turned the plane of polarization of a 
normally incident beam by as much as 2:-25° at 
A = 0-546u. 

Films deposited obliquely upon stationary sub- 
strates are usually anisotropic', a fact which helps 
to explain the optical activity of a helically deposited 
film. Thus, a film which is built up upon a revolving 
substrate can be envisaged as an anisotropic plate 
the azimuth angle of the fast axis of which con- 
tinuously increases with depth. In this grosser sense, 
a helically evaporated film would resemble a Sole 
filter of the fan type*, were the retardation plates of 
the Sole filter to approach zero thickness (and infinite 
number) while maintaining the total thickness of the 
filter constant. This model for the behaviour of the 
helically evaporated films would predict an optical 
rovation as a function of wave-length which could be 
compared with that of helically evaporated films. 

From the point of view of the microstructure of the 
film, however, where the dielectric constant and hence 
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the refractive index would depend upon alignment of 
the film structure, the activity of a helically deposited 
film could be due to the co-operative action of a 
helically symmetrical arrangement of crystallites, 
crystal growth or voids. 

Experimental data were obtained for fluorite films 
which were deposited on circular microscope cover 
glasses. These were sprung against a relatively 
massive metal disk intended to minimize local 
differences of temperature, and to retard heating of 
the substrate by the vapour source. The metal disk, 
in turn, could be mounted on any one of three parallel 
shafts extended from the pinions of an electric-clock 
motor in the vacuum system, each turning at a differ- 
ent angular velocity. While spinning attached to the 
metal disk, the substrate was normally shielded from 
the vapour source by a corrugated brass shim-stock 
shutter less than an inch away. The shutter was 
operated by a rotary solenoid in the vacuum system 
energized: through a switch on the fastest motor shaft 
and relays arranged so that the substrate would be 
exposed to the vapour source for an integer number 
of turns. 

Evaporation was carried out at residual pressures 
no higher than 0-3 mercury,.the limit pressure due 
to outgassing of the motor and solenoid being about 
0-lu mercury. The vapour source was a molybdenum 
boat, in which about 0-5 gm. of synthetic crystal 
fluorite scraps were melted. The altitude angle of 
the vapour source with respect to the substrate was 
between 30° and 60°. 

A Fizeau interferometer was used for measuring 
the optical thickness of each fluorite film. The optical 
activity of the film was measured using an ET L-NPL 
automatic polarimeter connected to a potentio- 
metric chart recorder. In the presence of any 
birefringence in a sample film an oscillatory trace is 
obtained when the sample is rotated in azimuth. The 
mean angular rotation R of each film was taken as 
the interval, in angular units, between the chart 
record in the absence of a sample, and the mean value 
of at least four cycles of the oscillatory trace obtained 
from a helically deposited sample film. The bire- 
fringence which caused the oscillatory trace was 
expressed in terms of the maximum value of the ratio 
(R — R)/R, where R is the optical rotation measured 
as a function of azimuth angle. The mean bire- 
fringence of all the samples was 19 per cent. 

Measurements with the automatic recording polari- 
meter were always completed within a few minutes 
after deposition of the film. It was found that the 
optical activity of the helically deposited fluorite 
films decays a few per cent in the first day, but after 
several months rises. soa 

It was found that the hand of the optical activity 
was always related to the hand of the substrate in 
the same way. Thus, a left-hand helically deposited 
film was always dextro-rotatory, and vice versd. 
Thus, as a ray travels through the film, the azimuth 
of the film and of the plane of polarization advance 
in opposite senses. a 

The relative advance of the plane of polarization 
of a ray crossing the film to the advance of film 
azimuth can be expressed by an advance ratio Ne 
This advance ratio, Na = R/3607, for a number of 
helically evaporated films has been plotted against 
the film pitch P in Fig. 1. 

ae at of the films was found to be smaller 
when an integral rather than a fractional number of 
turns were deposited. Considerable effort was spent 
trying to improve the constancy of vapour emission, 
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as larger birefringence seemed to be associated with 
larger wedge angles in the completed film. Among 
other possible causes of the birefringence are the pro- 
perties of the film at its boundaries or the presence of 
stresses. 

For example, the properties of the film at the fluorite— 
air and the fluorite—glass interfaces cannot be expected 
to match those of the interior of the film. 

The highest value of the specific optical activity 
reached in the experiments was 155°/mm. assuming 
arefractive index of 1-25 for the helically deposited 
fluorite film. 

We are indebted to Dr. J. H. Mitchell, director 
of research, Ericsson Telephones, Limited, for per- 
mission to publish this communication. 

Nriets O. Youne 
JAKYM Kowa.L 


Instrument Division, 
Ericsson Telephones, Limited, 
Nottingham. Dec. 3. 
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CHEMISTRY 


Effect of Tartar Emetic on the Growth 
of Ammonium Dihydrogen Phosphate 
Crystals 


TuoucH there are numerous examples of changes 
of habit in crystals produced by impurities in the 
mother liquor, it has scarcely been noticed that 
crystal habits are so changed by optically active 
Impurities as to appear to be modified, due to the 
asymmetric structures of the impurities. Tartar 
‘metic has been found to be one of such impurities 
which influence the growth of crystals of ammonium 
dihydrogen phosphate. 

When optically inactive substances take part in 
the growing of the two faces which have the reflecting 
plane as the single element of symmetry, they are 
adsorbed on both faces in the same manner and 
80 should influence the growth of the faces symmetric- 
ally. On the other hand, in the case of optically 
active impurities, even if they are adsorbed on one 

_, ace, either they cannot be adsorbed on the other, or 
they may be adsorbed in a different manner, and 
ao the effect may be different on the two 


A erystal of ammonium dihydrogen phosphate has 
bipyramidal and prismatic faces as shown in Fig. 1. 
t belongs to the tetragonal scalenohedral class, and 
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the two adjacent pyramidal or prismatic faces are 
symmetric only with respect to the plane containing 
the Z axis and one of the two diagonal axes, P, and 
P,. The two diagonal axes are distinguished by piezo- 
electric tests, and, after Mason!, P, is taken as the 
axis along which a tension produces a positive charge 
at the positive end of the Z axis. But, so far as 
the habit is concerned, ammonium dihydrogen phos- 
phate appears to be so highly symmetric that no 
difference can be observed in the behaviour among 
the faces of each form not only in pure solution but 
also in solutions containing various metal ions which 
are known to influence the crystal growth. This is 
due to the fact that the substances adsorbed on the 
growing faces are all optically inactive. 


Z 


Py x 


Fig. 1. Crystal form and crystal axes of ammonium dihydrogen 
phosphate 

Crystals of ammonium dihydrogen phosphate were 
allowed to grow in solutions containing d-tartar 
emetic in different concentrations for one or two days 
at about 38-5°C. The temperature of each solution 
was kept 1 deg. C. lower than saturation point. In the 
lower concentration-range, the growth-rate of the 
pyramidal faces decreased gradually with increasing 
concentration, but there was no difference between 
the rate of growth of the (101) and (011) faces. 
When the concentration reached 3 x 10-* M, peculiar 
changes were observed. Figs. 2a and b show photo- 
graphic views of a crystal along the X and Y axes 
respectively. The summits of the bipyramid are 
rounded. The natural pyramidal faces develop only 
partly from the edges of the adjacent prismatic faces, 
and the area of the (011) faces is very much dimin- 
ished. The growth-rate of the (011) faces decreases 
to 70 per cent of that measured in the solution 
without impurities ; on the other hand, that of the 
(101) faces drops to 12 per cent. The former is 
equal to the value extrapolated from the results in 
the lower concentration-range. 


Fig. 2. Effect of d-tartar emetic on an ammonium dihydrogen 

phosphate crystal; a, viewed along the X axis; b, along the 

Y axis. Two holes were drilled through the crystal for mounting 
on a crystal holder 
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Next, in place of d-tartar emetic, l-tartar emetic 
was added to the solution at the concentration of 
3 x 10-* M, and the crystals were grown in the same 
conditions as described above. The J/-compound 
appears to have an effect symmetrical to that of the 
enantiomorph. 

Fig. 3 shows the pyramidal faces of the crystals 
obtained from three different sources, which are 
viewed along the Z axis in the position shown at 
the left side of the figure. a shows the normal form 
obtained from the pure solution, b and c the effects 
of d- and l-tartar emetic respectively. Bright faces 
correspond to (101) and (011) of each crystal. In 
Fig. 3c the (101) faces become small in area, and the 
(011) faces develop laterally as a result of marked 
retardation in the vertical growth. Each of the 
faster faces, (011) in Fig. 3b and (101) in Fig. 3c, 
forms a triangle with a round corner at the opposite 
position to the edge of the adjacent prismatic face. 
The locus drawn by the corner during growth 
appears as the ridge from the apex of the pyramid 
to that of the face. The direction of the ridges made 
by d-tartar emetic inclines, as shown in Fig. 3b, 
anticlockwise from the Y axis to the P, axis, and 
that by l-tartar emetic clockwise from X to P, as 
shown in Fig. 3c. In this manner, the habits of 
ammonium dihydrogen phosphate modified by d- 
and l-tartar emetic are symmetrical with respect to 
the planes of symmetry of the crystal. 


a 6 e 


8. Pyramidal faces of ammonium dihydrogen phosphate crystals obtained 
a, without impurities; 6, containing d-tartar 
¢, containing /-tartar emetic, viewed along the Z axis in the position 


i. three kinds of solutions; 
emetic ; 
shown at the left side 


Tartar emetic in aqueous solutions dissociates into 
the potassium and antimony] tartrate ions. The 
former showed no effect on the growth of an am- 
monium dihydrogen phosphate crystal. The latter 
forms a stable complex ion which is scarcely hydro- 
lysed in neutral or weakly acid solutions. Therefore 
the effect of tartar emetic should be due to the 


complex ion. Actually no change in habit was ob- 
served in the solution containing hydrochloric acid 
besides tartar emetic. This shows that the complex 
ion is decomposed and made ineffective. Since the 
tartrate ion has in itself no effect on the crystal 
growth, the antimony] tartrate ion must be adsorbed 
on the crystal face through the action of the antimony 
atom or of the group surrounding it. 
Yutaka KUNISAKI 


Research Laboratory, 
Nippon Electric Co., Ltd., 
Minato- i kagere Oct. 31. 


+ Mason, “Piezoelectric Crystals and aga _ to 
Ultrassinieg®, 188 (D. Van Nostrand Co., Inc., 


NATURE 


January 10, 1959 vou. iss 


High-Temperature Oxidation of Zinc 
Sulphide 


In earlier work! the rate of oxidation of the 110 
faces of zinc sulphide was measured by uso of a 
thermobalance. Below 830° C. the rate was found 
to be ‘chemically controlled’, being an exponential 
function of temperature and largely independent of 
the thickness of the product layer of zinc oxide, 
Above 830° C. there were indications of the onset of 

a ‘diffusion control’, depending on the diffusion of 
the oxygen up to the zine sulphide interface through 
the layer of porous oxide. 

In the present work we are extending these studies 
into the range 1,000-1,500° C. We find that above 
1,150° C. the formation of zinc oxide no longer occurs 
on the surface of the zine sulphide, but occurs instead 
at some distance from the surface in the gaseous phase. 

A sphere of compressed zinc sulphide powder was 
suspended on a thread in a vertical tubular furnace, 
At t= 0 a nitrogen atmosphere surrounding the 
sphere was replaced by a stream of air. After a short 
period of reaction the sphere was removed and was 
found to be surrounded by a complete but very fragile 
concentric shell of oxide. Fig. 1 (ad), referring to a 
temperature of 1,250° C. and a reaction-time of 
1 min., show respectively a sphere before oxidation, a 
sphere after removal from the furnace and two 
spheres from which the shell has been partially 
removed. The gap between the oxide shell 
and the underlying zinc sulphide is clearly 
visible. 

The vapour pressure of the sulphide at 
high temperatures has been measured by 
Veselovski? and by Richards*. The latter 
has shown that the vaporization probably 
occurs with dissociation into zinc and 
sulphur. In our experiments it appears 
that these substances diffuse outwards 
from the surface of the sphere and meet 
oxygen diffusing inwards, thus giving rise 
to a deposit of zinc oxide at an approx- 
imately spherical and concentric reaction 
zone. As might be expected from the 
increasing volatility of the sulphide, the 
distance between the shell and the core 
increases with rising temperature and may 
be greater than 1 mm. over 1,300° C. (but 
depends also on the rate of air flow). The 
shell diameter appears always to be greater 
than the origina! core diameter, and the shell may 
perhaps have grown downwards from the support. 
The mechanism of the process thus appears to be 
similar to that of the diffusion flame surrounding 4 
burning oil droplet. 

Determinations of the rate of the oxidation process 
are being made by measurement of the rate of 
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evolution of sulphur dioxide. Our theory indicates 
that the reaction-rate per unit area may be expected 
initially (that is, before any significant thickness of 
shell has been formed) to vary inversely as the particle 
diameter and directly as the half-power of the 
Reynolds number (which determines the thickness 
of the boundary layer) together with a function of 
the temperature. 
Gorpon 8. G. BEvERIDGE 
KENNETH G. DENBIGH 
ment of Chemical Technology, 
University of Edinburgh and 
Heriot-Watt College. Nov. 21. 
1Qgnnon, K. J., and Denbigh, K. G., Chem. Eng. Sci., 6, 145 (1957). 
*Veselovski, B. K., J. App. Chem. (U.S.S.R.), 15, 422 (1942). 


+Bichards, A. W. (unpublished work with Imperial Smelting Cor- 
poration, Avonmouth). 


Separation of m-Xylene and p-Xylene 
by Gas Chromatography 


CoNSIDERABLE interest has recently been centred 
on the difficult separation of m-xylene and p-xylene 
by gas chromatography both from the point of view 
of the analysis of mixtures containing these isomers 
and the assessment of the per- 
formance of high efficiency col- 
umns. Martin and James! 
predicted some years ago that 
it should be possible to achieve 


. . ° ~Kylene 
a separation using benzyldi- syle 


phenyl as a stationary phase 

with a high-efficiency column 

and this was recently demon- Alene 
strated by Zlatkis*. Similar par- 
tial separations have been de- 
scribed*-' with other stationary 
phases in long packed columns 
and by using long capillary col- 
umns*, Langer? has described 
the use of tetrahalophthalic 
esters as stationary phases which 
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Table 1. RETENTION VOLUME Data aT 78-5° C, 





Index Squalane| Benzyl- | Tritolyl- | 7,8-Benzo- 
diphenyl | phosphate | quinoline 





Relative retention 
vol. (benzene = 1) 


Toluene 2-513 2-342 2-299 2-473 
Ethylbenzene 5-334 4-925 4-654 5-282 
p-Xylene 5-975 5-242 4-934 5-639 
m-Xylene 6-128 5-483 5-062 6-091 
o-Xylene 7 307 6-858 6-494 7827 





Specific retention 
volume for benzene 
(ml./gm.) 95 91 86 78 





Separation factor 
p-Xylene/ethyl- 


benzene 1-120 1-064 1-060 1-068 
Separation factor 
m-Xylene/p-xylene| 1-025 1-046 1-026 1-080 





Number of theoret- 
ical plates to effect 
99-9 per cent pur- 
ity (after Glueck- 
auf) of m/p- 
xylene 60,000 20,000 55,000 7,000 























For comparison purposes, values from the litera- 
ture of the separation factors for m-xylene/p-xylene 
are given in Table 2 together with the relative vola- 


tility at the operating temperature employed. 
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cause the meta isomer to be Fig. 1. Separation of aromatic hydrocarbons on packed column : 
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tion volumes of p-xylene and m- Inlet pressure 
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dipheny].) 

We have found that the 
aromatic nitrogen compound 
7,8-benzoquinoline produces a 
better separation of the xylene 


ary phase previously reported. 
Table 1 shows retention- 
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womers than any other station- p-Iylene 
Ethylbenzene 
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ry x 0-4 cm. internal diameter 

20 per cent weight 7,8-benzoquinoline on 72-100 mesh ‘Celite’ 545 
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Nitrogen 
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Atmospheric 
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Table 2. 


SEPARATION FACTORS FOR m-XYLENE/p-XYLENE 





choy O83 | Separation | Relative 


Stationary phase ture (° factor volatility 
1 
| 





1-012 
1-008 
1-025 
100 . 1-032 

4 |} 1-038 
| Ca. 1-035 

40 1-021 


110 


1-050 
033 
033 


Paraffin wax (ref.1) 1 
1 
1-033 
1 
1 
1 


Lubrol Mo (ref. 1) 
| Benzyldiphenyl (ref. 2) 
| PEG(300) Dibenzoate (ref. 3) 
| PE Giycol (ref. 4) 
| ee ceyiphthalate (ref. 6) 
| Di-n-propyl-tetrachloro- 
| phthalate (ref. 7) 


786 
050 
065 
053 


| 

| | 
n-Octadecane (ref. 1) | 

| 


0-962 


| 
} 
| 1-033 


7,8-Benzoquinoline offers a much easier separa- 
tion of the xylenes while maintaining the ability to 
separate ethylbenzene from them. Fig. 1 shows the 
resolution achieved on a 4-ft. column having an 
efficiency of 1,600 theoretical plates. The isomers 
are completely resolved on a capillary column 12 m. 
long (Fig. 2). 

The mechanism of this separation is obscure, but 
the configuration of the stationary phase molecule 
appears to be more significant than the presence of 
the nitrogen atom. Phenanthrene, the parent hydro- 
carbon necessarily used at a higher temperature 
above its melting point, Shows similar results to 


7,8-benzoquinoline at the same temperature (Table 3). 
Table 3. COMPARISON OF 7,8-BENZOQUINOLINE, PHENANTHRENE AND 
BENZYLDIPHENYL AT 110°8°C. 


7,8-Benzo- 
quoline | 


Phenan- Benzyl- 


threne | diphenyl | 


Index 





(benzene = 1) 
Toluene 
Ethylbenzene | 
p-Xylene | 
m-Xylene | 
o-Xylene 


| | 
Relative retention volumes | 





| | Spee ific retention for benz- 
ene (ml./gm.) 





| Separation factor 

| m-Xylene/p-xylene 
| Separation factor 
p-Xylene/ethylbenzene 


1053 | 
1-088 | 1-101 


053 1-040 


1-061 
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Rapid Specific Method for Determination 
of Aldosaccharides in Body Fluids 
In the clinical field it is of importance to have a 
rapid and exact method for glucose determinations. 
In order to avoid the non-specific reduction methods, 
a coupling reaction was worked out utilizing the con- 
re ty of aldoses and ketoses with meta-amino- 
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Fig. 1. Absorption of glucose colour after different times of boiling 
phenol in acetic acid. After some preliminary 
experiments’, a routine method was described’. The 
method has been used for some time in this laboratory 
and has proved satisfactory ; but, because of the 
necessarily long boiling time of 30 min., and the fact 
that the whole range of urine sugar concentration can- 
not be read without dilution of the urine, it was con- 
sidered an advantage to have a reagent giving a more 
rapid reaction and a wider range. Many aromatic 
amines have been tested; of these, one of the most 
suitable was ortho-toluidine, for which the optimal 
boiling time is 8 min. (Fig. 1). It gives a blue-green 
colour with maximum absorption at 6250 A. and is 
fairly specific for aldosugars (Fig. 2). Blood treated 
with glucose oxidase gave readings corresponding to 
0-4 mgm. glucose per 100 ml. blood. With this 
reagent glucose quantities of 10-400 ugm. can be 
read directly in a Beckman B photometer. 
Procedure for blood. 0-1 ml. whole blood is rinsed 
into 1 ml. of 3 per cent trichloracetic acid. After cen- 
trifugation; 0-2 ml. of the clear supernatant is mixed 
in a test-tube with 3 ml. of a 6 per cent solution of 
ortho-toluidine in glacial acetic acid. The tubes are 
placed in a boiling water-bath for 8 min., cooled, and 
read against a reagent blank at 6250 A. Standard 
glucose solutions are boiled together with every series. 
The procedure is the same as for blood. Blood sugar 
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up to 800 mgm. per cent can be determined in this 
way. In a Beckman B photometer values down to 
2) mgm. per cent can be read and still lower con- 
centrations by changing the dilution of blood with 
trichloracetic acid. Serum or plasma can also be used. 
In this case protein precipitation is not necessary. 

Procedure for urine. 0-004 ml. urine (measured with 
a micro-pipette*®) plus 3 ml. of a 2 per cent solution 
of ortho-toluidine in acetic acid are boiled for 8 min., 
cooled and read against a reagent blank at 6250 A. 
and compared with standard glucose solutions. 
Benzoic acid does not interfere with the reaction and 
may safely be used as a preservative. 

The reaction is very sensitive to water. The con- 
centration of water should not exceed 10 per cent. 

Technical grade ortho-toluidine is a brown solution 
which should be purified by distillation at ordinary 
pressure. The distillate is slightly yellow. The first 
80 per cent of distillate is pure enough for direct use 
and seems to be stable for months, if kept in the dark. 
We use the Riedel de Haen product ; but the prac- 
tical grade ortho-toluidine (Eastman) is also suitable. 
The pure ortho-toluidine (‘from nitrate’) (Eastman) 
could be used directly without distillation. 

The acetic acid should be of pure analytical quality. 
Both Riedel de Haen and ‘Analar’ products were 
used successfully. The reagent should be made fresh 
every day. If an automatic pipette is used for the 
reagent it should be all glass, as we have found the 
reagent to give false coloration with traces of metals. 

Other aromatic amines tested could be used in a 
similar way. 2: 6-Dimethyl aniline gave a similar 
absorption curve and was nearly as sensitive as 
ortho-toluidine to glucose but less sensitive to 
galactose ; 2: 5-dimethyl aniline gave lower values 
but was more sensitive to galactose than to glucose. 
Specific galactose determinations could possibly be 
made in this way. 

The investigation was supported by grants from 
Foreningen for sockersjuka i Stockholm, Konung 
Gustav V:s arsfond and Svenska Livférsikrings- 
bolagens forskningsfond. 

Eric HuLTMAN 

Clinical Central Laboratory, 

St. Erik’s Hospital, 

Stockholm. Nov. 12. 
‘Ek J., and Hultman, E., Scand. J. Clin. Invest., 9, 315 (1957). 
*Ek, J., and Hultman, E., Nature, 181, 780 (1958). 
*Sanz, M. C., Clin. Chem. 8, 406 (1957). 


Chemical Synthesis of Hexose and 
Hexosamine Sulphates 

Recent work! in these laboratories has been 
concerned with the enzymic degradation of naturally 
occurring aminopolysaccharide sulphates. Further 
extension of these studies necessitated the synthesis 
of a series of hexose and hexosamine sulphate esters. 
Methods for the sulphation of carbohydrates have 
been re-examined and procedures developed for the 
synthesis of authentic samples of glucose-6-sulphate 
and N-acetylglucosamine-6-sulphate. 

In the following experiments carbohydrate sulphate 
esters were isolated as their barium salts, but for the 
purpose of paper chromatography and afterwards, 
Preparative column chromatography on cellulose, 
these were converted to the free acids by passage 
through ‘Dowex 50’ (H* form) columns and then 
concentrated by distillation under reduced pressure 
and lyophilization. 

aper chromatography was carried out on What- 
man 3MM filter paper using downward irrigation 
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with butan-l-ol/acetic acid/water, 50:12:25, as 
solvent. Spots were made visible by spraying with 
alkaline silver nitrate or aniline hydrogen phthalate*, 
and with Elson—Morgan reagents‘ for hexosamines. 
Ester sulphates were detected by a modification of 
the method due to Burma’. The technique used in 
chromatography on cellulose columns was essentially 
that of Putman‘, the developing solvent again being 
butan-1l-ol/acetic acid/water, 50: 12: 25. 

Direct sulphation of glucose with chlorosulphonic 
acid’.* yielded a heterogeneous product. Paper 
chromatography indicated the presence of three 
components, one identical with glucose, while the 
others contained ester sulphate. Column chromato- 
graphy of the mixture yielded three peaks of reducing 
substance, the first of which was shown to be pure 
glucose. Analysis of the substances constituting the 
remaining peaks indicated that they corresponded to 
pure glucose monosulphate and disulphate respectively. 

Definitive synthesis of glucose-6-sulphate was 
attempted using a method originally evolved for the 
preparation of glucose-6-phosphate®. Glucose was 
converted to 1,2,3,4-tetra-O-acetyl-8-p-glucose via 
6 - O - triphenylmethy] - 1,2,3,4 - tetra - O - acetyl - 8 -p - 
glucose using Reynolds and Evans’s method!*. The 
1,2,3,4-tetra-O-acetyl-8-p-glucose was sulphated with 
chlorosulphonic acid and the product examined by 
paper chromatography. Two components were 
obtained, one identical with tetra-acetylglucose, and 
the other containing ester sulphate. Isolation of the 
components by column chromatography indicated 
the first member of the mixture to be pure tetra- 
acetylglucose, while the second gave analysis figures 
which were consistent with it being 1,2,3,4-tetra-O- 
acetyl-8-p-glucose-6-O-sulphate. The latter was 
deacetylated by heating under reflux with 1 per cent 
acetic acid for 2 hr. Paper chromatography of the 
product indicated the presence of two components, 
one identical with glucose and the other containing 
ester sulphate. The latter was isolated by column 
chromatography and converted to the barium salt. 
On analysis it was shown to be pure barium glucose 
monosulphate. From the method of preparation 
this would appear to be authentic glucose-6-sulphate. 
The properties of barium glucose monosulphate, 
prepared by direct sulphation of glucose were identical 
with barium glucose-6-sulphate prepared by definitive 
synthesis. 

The successful preparation of authentic glucose-6- 
sulphate by the above route suggested that a similar 
technique might be employed in the preparation of 
authentic N-acetylglucosamine-6-sulphate. 

N-acetylglucosamine was prepared by Roseman 
and Ludoweig’s method" and converted to 1,3,4-tri- 
O-acetyl-N-acetyl-8-p-glucosamine via 6-O-triphenyl- 
methy] - 1,3,4 - tri- O- acetyl - N - acetyl - 8 - p - glucos- 
amine by the method of Anderson and Percival?*. 
The tri-O-acetyl-N-acetyl compound was sulphated 
as before and the products of reaction examined 
by paper chromatography. Two components were 
obtained, one identical with the starting material and 
the other containing ester sulphate. The latter was 
isolated by column chromatography and shown, by 
analysis, to be 1,3,4-tri-O-acetyl-N-acetyl-8-p-glucos- 
amine-6-O-sulphate. After removal of acetyl groups 
by hydrolysis with acetic acid, paper chromato- 
graphy indicated the presence of two components, 
one identical with N-acetylglucosamine and the other 
containing ester sulphate. The latter was isolated 
as the barium salt after column chromatography 
and gave analysis figures consistent with a structure 
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of barium N-acetylglucosamine-6-sulphate. Barium 
N-acetylglucosamine-monosulphate, prepared by the 
direct sulphation of N-acetylglucosamine, was ident- 
ical with barium N-acetylglucosamine-6-sulphate pre- 
pared by definite synthesis. 

Further evidence as to the location of the sulphate 
group in position 6 of the hexosamine molecule was 
obtained by examining the behaviour of the com- 
pounds in the Elson—Morgan reaction". Both 
authentic N-acetylglucosamine-6-sulphate and N- 
acetylglucosamine monosulphate gave 100 per cent 
colour production in this test using N-acetylglucos- 
amine as standard. It has been shown that N-acetyl- 
hexosamines substituted in position 6 behave norm- 
ally in the Elson—Morgan reaction whereas substitu- 
tion in position 3 results in enhanced colour pro- 
duction. On the other hand, substitution in position 4 
causes suppression of colour formation!*. N-acetyl 
galactosamine monosulphate, prepared by direct 
sulphation of N-acetyl galactosamine!™, also gives 
100 per eent colour formation in the Elson—Morgan 
test!*, providing preliminary evidence of the location 
of the sulphate group in position 6 of the molecule. 

A more complete account of this work, together 
with the results of enzyme studies, will be given 
elsewhere. 

I am indebted to the Empire Rheumatism Council 
for a research fellowship, and to Prof. J. Pryde and 
Dr. K. 8S. Dodgson for advice and encouragement 
during the course of the above work. 

A. G. Luoyp 

Department of Biochemistry, 

University College, 
Newport Road, 
Cardiff. Oct. 22. 
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Optical Rotation and Configuration of 
Poly-L-tyrosine 

In a recent communication from this laboratory! 
it was reported that the constant b, in Moffitt’s 
equation® for the optical rotation of a helical poly- 
peptide is positive for solutions of poly-L-tryosine in 
dimethyl formamide and in pyridine, and for the 
sodium salt of this polymer in solution and in films. 
It was implied that in spite of the unusual sign of b, 
the polymer was in the a-helical form, and that the 
positive value is a consequence of the strong chromo- 
phoric group near the 8 carbon atom. We have since 
made further measurements of the optical rotation of 
a solution of this polymer in N sodium hydroxide and 
of films cast from a solution in dimethyl formamide 
at 60° ©., together with observations of the infra-red 
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spectrum and X-ray diffraction pattern of the films, 
These studies have led us to the conclusion that it jg 
more probable that in dilute solutions in pyridine, in 
dimethyl formamide, and in aqueous alkali, poly-t. 
tyrosine is in the random coil configuration, as is its 
sodium salt in films. 

The optical rotatory dispersion results are difficult 
to interpret unambiguously, because of the unknown 
effect of the chromophoric groups in the side-chain, 
There is no reason for supposing that the , of the 
Moffitt equation will be the same as in other poly. 
peptides, that 6b, will be zero for a random coil 
arrangement, or indeed that the Moffitt equation will 
hold at all. However, if one nevertheless takes the 
usual value of 2120 A. for 4, and makes a Moffitt 
plot, one obtains values of b, of about + 300° fora 
solution in pyridine, about + 400° for solutions in 
dimethyl formamide and in N sodium hydroxide, 
about + 550° for films of the sodium salt, and about 
— 4000° for films of poly-L-tyrosine cast from dimethyl 
formamide. It is tempting to suppose that the 
configuration is different in the last case from that 
in the others, although the criterion is somewhat 
arbitrary. The distinction between the films cast 
from dimethyl formamide and the other systems 
gradually becomes less clear-cut as A, is increased ; 
however, so far as can be seen from measurements 
over a rather limited range of wave-length, the 
Moffitt plot gives the straightest line for a i, of 
rather less than 2120 A. 

Since at pH 14 the polymer is completely ionized, 
it would seem unlikely that the solution in aqueous 
alkali contains a large proportion of the «-helical 
configuration. On the other hand, infra-red spectro- 
scopy and X-ray diffraction provide some evidence 
that the films cast from a4imethyl formamide contain 
polypeptide in the a-helix form. Such films, when 
rolled, have been found to show marked infra-red 
dichroism of the kind associated with the «a-helix. 
However, this behaviour is not reproducible, some 
similarly treated films failing to show any dichroism. 
The X-ray diffraction pattern of a-helices of poly-t- 
tyrosine packed hexagonally would be expected to 
have a strong ring corresponding to an interplanar 
spacing of 11-1 A., as may be calculated from the 
density of the films (1-254 gm.je.c.). The X-ray 
diffraction pattern of these films does indeed have a 
ring at 11-1 A.; but it is not particularly strong. 
Heating the films in vacuo at 130-140° C. for 2 hr. 
apparently crystallizes the polymer, and the subse- 
quent X-ray pattern does show a strong 11-1 A. 
reflexion. 

The results of these experiments are far from con- 
clusive ; but we feel that they strongly suggest that 
poly-L-tyrosine in each of the three solvents we have 
used, and its sodium salt in films, are in the random 
coil configuration, whereas in films cast from dimethyl 
formamide the polypeptide exists as a-helices. 

We are indebted to Dr. T. Macdonald for taking 
the X-ray diffraction photographs in Courtaulds’ 
X-ray Laboratory at Coventry. 

A. R. DowntE 
A. ELLiotr 
W. E. Hansy 
Research Laboratory, 
Courtaulds Ltd., 

Lower Cookham Road, 

Maidenhead. Nov. 11 
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Peroxidases from Wheat Germ 


AfprEVIOUS communication’ described the prepar- 
ation of two crystalline hemoproteins (556) and (566), 
which possess strong peroxidatic activity. It was 
found in later investigations? that both hzemo- 
proteins form complexes with hydrogen peroxide and 
are not reduced with diphosphopyridine nucleotide or 
succinate in the presence of an active homogenate or 
particles from wheat germ. This indicates that both 
hemoproteins (556) and (566) are peroxidases and 
thus can be called peroxidase (556) and (566), 
respectively. 

In the previous work, peroxidase (566) was obtained 
in very low yield. When the first ammonium sulphate 
precipitate cake from wheat germ extract was kept 
for several months, only peroxidase (556) and no 
peroxidase (566) was obtained. However, in the 
direct spectroscopic examination of wheat germ after 
reduction with sodium dithionite the predominant 
band is at 560-570 my, and that at 556 my is very 
weak. 

We have therefore adopted a new method for the 
preparation of peroxidase (566), as follows. Wheat 
germ, without pretreatment by organic solvents, was 
suspended in five volumes of 0-1 M phosphate buffer 
of pH 7-0 and squeezed by pressing through a cloth. 
The fraction of the filtrate precipitated between 20 
and 60 per cent saturation with ammonium sulphate 
was dialysed. It was then adsorbed on ‘Amberlite’ 
CG-50 equilibrated at pH 6-5 with 0-02 N ammonium 
phosphate buffer. After elution with 0:25 N buffer 
of pH 7-0, the eluate—in which peroxidase (566) was 
present in relatively larger amount but which con- 
tained no peroxidase (556)—was again adsorbed on 
‘Amberlite’ XH-64 and eluted successively with 
0:15 N and 0-25 N buffer of pH 7-0. Both fractions 
were separately chromatographed on ‘Amberlite’ 
XE-64 resin columns using 0-075 N and 0-10 N 
buffer of pH 7-0, respectively. Crystalline peroxidase 
(566), which has an octahedronal form, was obtained 
from both main effluents in the same way as in the 
earlier methods! (Fig. 1). 

Peroxidase (566) thus obtained forms a stable 
complex with hydrogen peroxide which cannot be 
identified with any of the established complexes. 
This complex has absorption peaks at 415 mu, 540 my 
and 570 my (Fig. 2. The Soret peak was determined by 
means of a Beckman specirophotometer). Peroxidase 
(556), however, forms a very labile complex similar to 
complex II. Peroxidase (556) and (566) may be 


Fig. 1. Crystalline peroxidase (566). (Octahedron, x 200) 


NATURE 


Fig. 2. Absorption spectrum of peroxidase (566)-hydrogen 
peroxide complex obtained with a rapid-scanning spectrophoto- 
meter. Reaction mixture contained about 0-5 per cent per- 
oxidase (566), 0-005 M hydrogen peroxide and 0:06 M phosphate 
buffer of pH 6-0. The figure shows the spectrum of the complex 
in the visible region 5 min. after addition of hydrogen peroxide 


identified with peroxidase II and I, respectively, 
prepared from horse radish by Theorell*. According 
to Keilin and Hartree‘ peroxidase I is a modified 
form of peroxidase IT. 

Recently, Lundegirdh® obtained a peroxidase 
similar to peroxidase (556) from wheat roots treated 
with cold acetone. However, from the properties 
and behaviour during the preparation of the peroxi- 
dases, it seems that peroxidase (566) is the native 
protein, whereas peroxidase (556) is a modified form. 
Other properties of peroxidases (556) and (566) are 
being studied. 

Kunio TaGawa 
MasaTEeRU SHIN 
Kazuo OKUNUKI 


Department of Biology, 
Faculty of Science, 
University of Osaka. 
Oct. 18. 

1 Hagihara, B., Tagawa, K., Morikawa, I., Shin, M., and Okunuki, 

K., Nature, 181, 1588 (1958). 
* Tagawa, K., and Shin, M. (unpublished work). 
* Theorell, H., Ark. Kemi Min. Geol., 15, B, No. 24 (1941). 
‘ Keilin, D., and Hartree, E. F., Biochem. J., 49, 88 (1951). 
5 Lundegardh, H., Nature, 181, 28 (1958). 


Factors affecting the Rate of Bilirubin 
Conjugation in vitro 


THE conjugation of bilirubin to its glucuronides in 
rat liver homogenates was studied, using boiled liver 
extract’, uridine diphosphoglucuronic acid (UDPGA), 
uridine diphosphoglucose (UDPG) with diphospho- 
pyridine nucleotide (DPN +), or the system consisting 
of uridine triphosphato (UTP) with gluc»se-1- 
phosphate (G—1—P), and diphosphopyridine nucleotide 
as sources of the glucuronosyl radical. The effects 
of various substances on the formation of bilirubin 
glucuronides from bilirubin are listed in Table 1. 
Under the conditions used in these experiments, liver 
homogenates hydrolysed 5-7 per cent of added 
phenolphthalein glucuronide (6-42 mM) in 30 min., 
this hydrolysis being inhibited (44-5 per cent) by 
5-5 mM potassium glucuronate, and even more 
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Incubation mixture (3-6 ml.) contained 0-75 «moles of bilirubin, 20 mgm. of serum albumin, 166 umoles of tris(hydroxymethyl)aminomethane 
30 «moles of magnesium chloride, homogenate corresponding to 0-2 gm. of wet liver tissue, and other constituents indicated in the table, pH 


measured at the end of incubation of 90 min. at 37°C. in air. Blank values (homogenate at the end of incubation) were subtracted 
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Substance added (umoles) 


| 
Percentage 


fiaiapechcttiad i, Raed Bilirubin | of bilirubin | 





Boiled extract 
corresponding to 
liver tissue in gm. 


| 
| UDPGA | UDPG | DPN+ UTP G-1-P 














Glucuronate 


remaini 
at the end of | 
; incubation | 

67 -0* 
75-0* | 
73 -5* | 
71-5 | 
| 


| pH conjugated 
Saccharate (umoles) 





0-010 
0-098 
0-122 
0-125 
0-150 
0-188 
0-198 


Nats 
Bot elnute 





73 ‘5t 
70-0 
73 Of 
34°-5t 
41-7t 
34-8f 
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43 -5* 
43 -5* 
43 -5* 


~IsIs) 








* pH maintained with tris buffer, pH 7:5. 


+ Incubation started with 83 »moles tris, pH 8-2 after 30 min. 83 «moles potassium phosphate at pH_6-9 was added in order to reach pH 7°. 


(90 per cent) by 1-1 mM boiled potassium hydrogen 
saccharate. Both these substances exhibited marked 
enhancing effects on the formation of a fraction of 
bilirubin giving the direct van den Bergh diazo 
reaction. Bacterial §-glucuronidase (100 units) added 
to the incubation mixture almost abolished the 
bilirubin conjugation. The acceleration of this 
conjugation by glucuronate offers a plausible explana- 
. tion for the effect of treatment of neonatal hyper- 
bilirubinemia with glucuronic acid*. Lathe and 
Walker*® reported an inhibitory effect of glucuronate 
on the synthesis of bilirubin glucuronide in rat liver 
slices. The liver slices technique shows results 
different in some respects from those obtained with 
whole-liver homogenates. Grodsky et al.‘, working 
with liver homogenates, and with methods essentially 
similar to those described here, reported that no 
hydrolysis of 2 x 10-* M phenolphthalein glucuronide 
occurred in their experiments, and that no activation 
of bilirubin conjugation could be observed with 
saccharate. Brown et al.5, referring to the experi- 
ments of Karunairatnam et al. (see ref. 5) with liver 
slices, also deny that 8-glucuronidase plays any part 
in producing hyperbilirubinemia of the new-born. 
It has now been clearly demonstrated that in neonatal 
jaundice the deficiencies of glucuronosy] transferase*-* 
and of uridine diphosphoglucose dehydrogenase® are 
essentially responsible for the increase of serum bili- 
rubin-levels. Ethylenediamine tetraacetate increased 
the production of bilirubin conjugates. 
4-Methyl-1,4-naphthoquinone, and the correspond- 
ing hydroquinone inhibited the formation of bilirubin 
glucuronides at a concentration of 10-* M. Both also 
showed inhibition of the uridine diphosphoglucuronic 
acid dehydrogenase action. Vitamin K, (‘Konakion’, 
Roche) had negligible effect on bilirubin conjugation 
even at a concentration of 10-* M. Menadiol 
diphosphate (‘Synkavit’) did not inhibit under these 
conditions. In the experiments with whole-liver 
homogenates it even showed an activating effect on 
the production of pigments reacting directly but in 
‘much higher concentrations (10-*? M) than used by 
Lathe and Walker*® with liver slices, and only at 
pH’s above 7. The mechanism of oxidative phos- 
phorylation described by Clark, Kirby and Todd‘ has 
been suggested as a possible explanation of this 
activating effect. The diphosphate ester, of course, 


cannot be supposed to resist dephosphorylation by 
tissues after the injection. 

Detailed reports will be published elsewhere’. 

Thanks are due to Mr. A. Jelinek (of this Institute) 
for his valuable technical assistance; to Sigma 
Chemical Co. (St. Louis, Mo.) for help and generosity 
in supplying uridine diphosphoglucuronic acid, uridine 
diphosphoglucose, diphosphopyridine nucleotide, 
adenosine triphosphate, uridine diphosphoglucose 
dehydrogenase, bacterial §-glucuronidase, glucuronic 
acid, and cysteine hydrochloride; to Hoffmann 
La Roche Co. (Basle), and to Lééiva, n.p. (Modfany) 
for their gifts of vitamin K analogues. 


E. TAvarant 
J. TovAREK 


Department of Medical Chemistry, 
Masaryk University, 
Brno. 
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Preparation and the Haemoglobin 
Content of Red Cell ‘Ghosts’ 


Srupies of species differences in red cell phos- 
phatides' have led to a re-examination of the problem 
of standardizing the method of preparing erythrocyte 
membranes (‘ghosts’, post-hemolytic residues). It 
seems essential that if results obtained with physical 
methods, for example, electron microscopy, are to be 
correlated with those obtained by chemical analysis, 
greater uniformity of procedure for preparation of 
membranes must be sought. The matter has rece! 
little recent attention. In what was perhaps the first 
chemical analysis of the structural protein, stromatin, 
Jorpes* found his preparations to contain iT 
amounts of hemoglobin, representing 10-30 per cent of 
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the dry weight. Not long afterwards, Adams* offered 

troscopic evidence for the idea that in the intact 
cell hemoglobin is combined with stromatin. Keilin 
and Hartree‘, however, were able to show that the 
finding was explained by the peculiar optical proper- 
ties of the medium and could not be regarded as 
an indication of a hemoglobin-stromatin complex. 
Since that time the blood-pigment found attached to 
‘ghosts’ has come to be regarded, or, at any rate, 
treated, as a sort of contaminant the physical asso- 
ciation of which with the membrane proper interferes 
with obtaining satisfactory material for analysis of 
other things. Various methods have been devised 
for preparing ‘ghosts’, one of which® claims to reduce 
the iron content to the vanishing point (<0-01 per 
cent hemoglobin). It is difficult to find information 
about the stage in the processing at which the intact 
membranes begin to break up, or, indeed, what the 
microscopic appearance of the final product is. 
Usually, the recommended techniques introduce acid 
or salt washing at some point to expedite the removal 
of hemoglobin—measures which in our hands have 
led to prompt disintegration of ‘ghosts’, as shown by 
microscopic examination. 

As an approach to a standard method for preparing 
intact ‘ghosts’, human whole blood was first taken 
into acid—citrate-dextrose, which has proved so 
satisfactory an anticoagulant for blood banks. The 
plasma was removed by centrifugation and the cells 
washed three times in saline at 4° C. Lysis and a 
number of successive washings in ten volumes of 
cold water were then carried out. Portions of 
‘ghosts’ so prepared were lyophilized for analysis in 
terms of dry weight. 

A simple direct method of measuring hemoglobin 
in the dry ‘ghosts’ was devised by taking advantage 
of the ability of strong urea solutions to dissolve 
many fibrous proteins while not interfering with the 
absorption spectra of hemoglobin and its derivatives®. 
Weighed amounts of lyophilized ghosts were dissolved 
in 40 per cent urea containing standard cyanide— 
ferricyanide and the concentration of cyanmethemo- 
globin measured in a photometer. 

It could be shown after four washings with water 
that of the total hemoglobin found initially in the 
intact cells about 3 per cent remained attached to 
the ‘ghosts’. Eight further washings with water did 
not appreciably lower the hemoglobin content. It 
was calculated both from the total pigment in the 
washings and from the measurements in dried ‘ghosts’ 
that the loss of ‘attached hemoglobin’ after the 
fourth wash was about 5 per cent. Moreover, during 
the eleventh and twelfth washings the ‘ghosts’ were 
allowed to stand in the cold water overnight. The 
gross volume, as estimated after each centrifugation, 
remained throughout at about two-thirds of the 
original volume of wet, whole cells. Frequent micro- 
seopie examination showed that the red cell mem- 
branes remained intact disks. As a result of these 
findings the routine was adopted of washing four 
umes with ten volumes of water. 

Blood samples from 18 healthy and sick people 
(including one with sickle-cell disease) were examined, 
and the amount of hemoglobin attached to the 
ghosts’ was found to be 49-57 per cent of the dry 
weight (mean 54 per cent). The ratio of hamoglobin 
— to Pree. a nitrogen was about 2: 1 

© molar ratio of phospholipid moglobin 
about 15: 1, Sh tee come gt te 

The finding of fairly constant amounts of hemo- 
slobin attached to the ‘ghosts’ is at variance with 
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most reports both in quantity and in regularity. To 
the objection that the pigment could represent merely 
a denatured insoluble deposit, it may be said that one 
of the methods for preparing oxyhemoglobin from 
intact cells involves principally exposure to cold 
water. Moreover, ‘ghosts’ suspended in water were 
equilibrated with nitrogen and showed the colour 
change to be expected with the formation of sub- 
stantial amounts of reduced hemoglobin ; this was 
reversed on shaking in air. For the moment it would 
seem reasonable to suggest that the finding of 
hemoglobin in fairly constant amounts in ‘ghosts’ 
prepared as above supports the idea that the pigment 
is indeed a component part of the membrane. The 
distortions of sickle-cells under reduced partial 
pressure of oxygen also argue for such a view. It is 
difficult to understand the effects except in terms of 
hemoglobin bound firmly enough to re-arrange 
directly the shape of the membrane. 

The method described gives with human blood 
morphological reproducibility of intact ‘ghosts’ at the 
level of the ordinary microscope and chemical 
reproducibility for the few things so far studied : 
hemoglobin, nitrogen and phosphatide. Studies are 
now being made to determine in how far the method 
is suitable for blood of other species. 

This work has been supported by a grant from the 
U.S. Public Health Service (RG—5763-C) and a grant 
from the Avalon Foundation. 
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In vitro Synthesis of the Crown-Gall 
Tumour-inducing Principle 


PREVIOUS research on crown-gall has shown that 
the transformation of normal plant cells into crown- 
gall tumour cells occurs in delimited stages involving 
specific causal agents’. 

Conditioning? requires several relatively simple 
compounds derived from the sap released by wound- 
ing the host. These include purines and possibly 
auxins*®, as well as other substances (Klein, unpub- 
lished work). Promotion requires auxin synthesized by 
the causal bacteria‘, from the incipient tumour cells‘, 
or from an external source. The nature of these 
auxins is under examination (Gentile and Klein, 
unpublished work). 

The unique step in crown-gall formation is in- 
duction. This is normally accomplished by the 
action on conditioned cells of a tumour-inducing 
principle* synthesized by genetically competent 
bacteria’. Klein*, Manigault e¢ al.*, Klein and 
Knupp”, and Bender and Brucker", established 
that the bacteria synthesize the tumour-inducing 
principle, and succeeded in producing crown-gall in a 
variety of plants in the absence of the bacteria. 
Klein and Knupp demonstrated that the synthesis 
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of the tumour-inducing principle in vitro was de- 
pendent on a synthesis factor present in wound juice. 
A survey of sources of the synthesis factor revealed 
that large amounts were present in malted barley’®. 
The synthesis factor was extracted by salt solutions 
favouring the isolation of nucleic acids. When 
partially purified deoxyribonucleic acid from malted 
barley was added to a synthetic medium with 1 per 
cent sucrose as the carbon source, good growth of 
the bacteria and high titres of the tumour-inducing 
principle were obtained. Highly purified deoxyribo- 
nucleic acid from wheat germ was also a good source 
of the synthesis factor. By empirical substitution, 
the active material was found to be a pyrimidine, 
5-methyl cytosine, its deoxyriboside, or its deoxy- 
ribotide, although thymine possessed slight activity. 

Flasks of synthetic medium containing 5-methyl 
cytosine (100 ugm./ml.) were inoculated with log- 
phase cultures of Agrobacterium tumefaciens (strain B,) 
and shaken for 24 hr. at 25°C. The culture medium 
was sterilized by centrifugation followed by filtration 
through a series of porcelain filter candles, and the 
filtrate treated with 3-4 volumes of 95 per cent 
ethanol. The resulting precipitate was dissolved in 
0-2 M sodium chloride/0-01 M citrate, pH 7-0, and the 
solution dialysed overnight at 4° C. against the same 
buffer. It was reprecipitated with ethanol, dissolved 
in synthetic medium and sterilized by filtration. The 
procedure eliminated ‘growth factors’, including 
auxins, kinins, purines and pyrimidines, etc. Absorp- 
tion spectra indicated that this purified tumour- 
inducing principle contained about 5 per cent nucleic 
acid by weight. The other major component was an 
acid polysaccharide which had no tumour-inducing 
principle activity. Further, the tumour-inducing 
principle activity of this purified preparation was 
abolished by deoxyribonuclease. The activity of the 
tumour-inducing principle was directly related to the 
known virulence of the strains of bacteria used, as 
well as to the concentration of the synthesis factor. 

Treatment of properly conditioned disks of carrot 
phloem with purified tumour-inducing principle and 
subsequent promotion with auxin uniformly resulted 
in the formation of crown-gall tumours on the surface 
of all treated replicates (20-80 per cent variable). 
Time and temperature relations of this sterile in- 
duction are in conformity with the known course of 
tumour formation by bacteria in situ. 

Details of this work ‘are being prepared for pub- 
lication elsewhere. It was supported by grants from 
the American Cancer Society and the Damon Runyon 
Memorial Foundation. Travel funds were supplied 
by the Rockefeller Foundation. 
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Blood-clotting Activity of the Venom 
of Bothrops jararaca 


Tue well-known blood-clotting activity of the 
venom from snakes of various species of the genus 
Bothrops has been attributed to its proteolytic 
activity’, although Michl* (using paper electro. 
phoresis) and Holz and Raudonat*® (using fractional 
precipitation with ammonium sulphate) have pre. 
sented evidence against this point of view. The 
latter authors obtained a fraction, which they called 
“Koagulin”, with a strong blood-clotting activity 
but only slight proteolytic activity when hemoglobin 
was used as substrate. More recently. it has been 
shown that there exist at least two proteolytic 
enzymes in the venom of Bothrops jararaca: one of 
them is thermolabilet and is precipitated at 50 per 
cent saturation with ammonium sulphate’, while the 
other is stable to heat* and is precipitated at 70 per 
cent saturation with ammonium sulphate’. The 
latter enzyme has been isolated in a fairly pure state 
and has been called Bothrops protease A (ref. 6). 

We have studied seme aspects of the coagulating 
activity of the venom of Bothrops jararaca and tried 
to separate the coagulating factor from the known 
proteolytic activities of the venom. We verified that 
the coagulating activity varies considerably with the 
buffer used. In 0-2 M cacodylate buffer the activity 
reached a plateau at pH 6-5-7-4 and was higher than 
in any of the other buffers used (acetate, phosphate, 
citrate, tris— maleate and tris — hydrochloric acid). 
In phosphate buffer at pH 7 or more the clotting 
activity is inhibited. In 0-05 M cacodylate, pH 7-0, 
the activity was totally preserved for two months if 
the preparations were kept in a vacuum flask at 
1° C. The clotting activity was measured using 
0-10 ml. of the sample to which 0-20 ml. of oxalated 
horse plasma was added ; the zero time was noted and 
the mixture was gently agitated in a water-bath at 
35° C. until a firm clot was formed. The samples 
were always previously diluted with an equal volume 
of 0-2 M cacodylate buffer, pH 6-50, so that the 
final reaction mixture was at pH 7:0. 
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Fig. 2. Protein concentration, Bothrops protease A and blood- 

coagulating activities of fractions obtained by electrophoresis on 

a starch column of a crude preparation of 8 protease A. 

Tris buffer, pH 7°2,I 0-05. O, 1-benzoyl-arginine-amidase specific 

activity; A, protein a: A, blood-coagulating 
activity 


A 2 per cent solution of the venom in 0:05 M 
cacodylate buffer, pH 6-10 was fractionally precipi- 
tated with ammonium sulphate. The fractions 
obtained were dialysed against the same cacodylate 
buffer and assayed for ‘caseinase”*, 1-benzoyl-arginine- 
amidase and clotting activity; the latter was 
measured using the same amount of protein in all 
assays. The figures plotted in Figs. 1 and 2 were 
obtained by dividing 1,000 by the clotting time in 
seconds. As can be seen from Fig. 1 the peak of 
‘caseinase’ activity separated between 40 and 50 per 
cent saturation with ammonium sulphate and the 
highest clotting activity was obtained in the fraction 
precipitated between 60 and 70 per cent saturation 
with ammonium sulphate. This fraction is probably 
identical with the ‘‘Koagulin” obtained by Holtz and 
Raudonat, although their coagulating fraction was 
precipitated at a lower level of saturation with 
ammonium sulphate. It can also be seen that tho 
peak of 1-benzoyl-arginine amidase activity due to 
Bothrops protease A was found very near that 
obtained for the clotting activity, suggesting that the 
two activities were due to the same enzyme. We 
found, however, that electrophoresis on a starch 
column (Fig. 2) can separate these activities into two 
distinguishable peaks. It seems, therefore, that the 
clotting activity of Bothrops jararaca venom is neither 
related to its ‘caseinase’ nor to its Bothrops protease A 
content. 

One of us (O. B. H.) is indebted to the Brazilian 
Research Council for a personal grant. 
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Glutaminase Activity of the Foetal 
Membranes and Kidneys of Pigs 

At a Ciba Foundation Colloquium on the effects of 
ageing on electrolyte metabolism, Widdowson and 
McCance! reported the pH of allantoic fluid to be 
between 5-5 and 6 at 46 and 67 days of gestation. 
Ammonia accounted for about 25 per cent of the 
“titratable acidity + ammonia” of these fluids. 
The total osmolar concentration of the allantoic 
fluid had been shown before to be only one-third to 
one-half that of foetal serum at the same times of 
gestation, mainly due to the low concentration of 
sodium in the finid?. When, therefore, Widdowson 
and McCance found that the acidity of allantoic fluid 
was largely due to high concentrations of carbonic 
acid, they suggested that active sodium re-absorption 
by hydrogen-ion exchange might be occurring in the 
foetal membranes and kidneys. In support of this, 
they reported considerable carbonic anhydrase act- 
ivity in the foetal kidneys and membranes lining the 
allantoic sac. 

The appreciable amounts of ammonia in allantoic 
fluid suggested that it might be worth searching for 
glutaminase activity in these foetal kidneys and 
raembranes, for this enzyme is probably the main 
source of the ammonia found in the urine of more 
mature animals*.‘. 


Table 1. AMMONIA PRAPUCTINE 2F FQ@TAL MEMBRANES AND KIDNEY 
SLICES 





mgm. of NH;-N produced 
per 100 gm. of dry tissue 
per hour 


Average 
percentage 
of tissue 
water 


Tissue 





Substrate No substrate 
added added 





46 days gestation 
Mesonephros 
Metanephros 
Amniotic membrane 
Allantoic membrane 
Chorioallantoic 

| membrane 

| 90 days gestation 
Kidney 
Amniotic membrane 
Allantoic membrane 
Chorioallantoic 

membrane 

Adult sow 

idney 

Adult rat 

Kidney 


205 (3) 
382 (2) 
344 (3) 
144 (2 
476 (2) 
383 (4) 
388 (7) 
219 (4) 
304 (8) 
256 (7) 


548 (4) 


119 (2) 


117 (7) 
82 (5) 
49 (3) 




















No. of estimations (each in duplicate) in parentheses 


This has accordingly been done. The kidneys and 
membranes were taken from pig foetuses of 47 and 
90 days gestation, the kidneys sliced as soon after 
death as possible and the tissues frozen and kept at 
— 18°C. For measurement of glutaminase activity, 
the weighed tissues were incubated in Warburg 
vessels at 37° C. in oxygen for exactly 60 min. both 
with and without added /-glutamine in 0-015 M con- 
centration and the resulting ammonia determined. 
The technique in general resembled that of Robinson’. 
The results are shown in Table 1. For comparison, 
the amounts of ammonia formed by slices of renal 
cortex of adult pigs and rats are also presented. 

It is evident that there is considerable glutaminase 
activity, not only in the foetal mesonephros and 
permanent kidney, but also in all the foetal mem- 
branes. There was also some ammonia formation 
in the absence of added glutamine. Fotal mem- 
branes, therefore, contain the enzymes to which the 
acidity and ammonia found in urine formed by more 
mature animals are thought to be due. These enzyme 
systems may therefore play as active a part in the 
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elaboration of the fluids which the membranes enclose 
as the foetal kidney itself. 
InGEBORG C. RADDE 
R. A. McCancr 


Medical Research Council 
Department of Experimental Medicine, 
University of Cambridge. Nov. 11. 
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An lodine Compound associated with 
Albumin in the Plasma of Thyrotoxic Patients 


A RADIO-IODINATED protein, other than labelled 
thyroglobulin, has been found in the plasma of 
patients receiving radioiodine therapy for thyroid 
carcinoma’, Altk«ugh this protein was associated 
with the albumin fruction of plasma protein, immuno- 
logical techniques differentiated it from iodinated 
serum albumin*. The protein was detected after 
tracer doses of radioiodine (0-31—1 mc.) and was found 
only in malignant conditions’. 

Recently, however*, an iodinated protein associated 
with the albumin fraction on electrophoresis was 
reported in the plasma of a cretin given a tracer dose 
of iodine-131. An earlier report’, which seems to 
have been overlooked, described the presence of a 
fraction of activity, apparently protein, associated 
with serum albumin in the plasma of thyrotoxic 
patients receiving radioiodine therapy. It is the 
purpose of this communication to report confirmation 
of this latter finding, by another method of analysis. 

In human plasma, thyroxine is carried by a specific 
protein forming a complex which on electrophoresis 
migrates to a position intermediate between «,- and 
«,-globulin’. In plasma examined after iodine-131 
therapy, labelled thyroglobulin may also be found 
and must be distinguished from labelled thyroxine 
carried by its specific protein because they migrate 
to the same position between «,- and «,-globulin. 
If thyroxine is present in high concentration some will 
be carried by albumin, and this complex must be 
distinguished from iodinated protein of the same 
electrophoretic mobility. 20 ul. of plasma containing 
a little sodium thiosulphate were subjected to paper 
electrophoresis*. After drying at 100° C., the paper 
was passed through an automatic scanning device 
which recorded the positions of radioactivity on the 
paper. It was then stained with a solution of naphtha- 
lene black in methanol to locate the bands of protein, 
and washed in a solution of 10 per cent acetic acid in 
methanol. As this procedure completely removes 
thyroxine from its carrier protein, the activity remain- 
ing on the strip is assumed to be iodinated protein. 
Thyroxine labelled with radioiodine added to normal 
plasma can be completely removed from an electro- 

herogram of the plasma in this manner, as can 
labelled thyroxine from electropherograms of the 
plasmas of those thyrotoxic patients in which no 
iodinated proteins are found. Plasma samples shown 
by electrophoresis to contain the albumin component 
also showed on chromatography a peak of radio- 
activity at the origin, presumably due to an iodinated 
protein. 

Radioactivity associated with the albumin zone 
after staining has been found in the plasma of six 
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of the thirteen thyrotoxic patients examined after 
the administration of therapeutic doses of iodine-13) 
(7-25 me.). In three cases the albumin-like compound 
was the only radioactive component found after 
staining and washing the electropherogram. In three 
others radioactivity was associated with both albumin 
and thyroglobulin fractions, and in one of these the 
albumin component was detectable five days after 
treatment, by which time labelled thyroglobulin had 
disappeared. 
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Biological Activity of L-Tryptophan 
Esters 

RoZENDAAL et al.’ have shown that dry crystalline 
L-tryptophan, when irradiated with fast electrons at 
doses up to 10° r., is partially transformed into a 
complex mixture of compounds from which it is 
possible to obtain by chromatographic separation a 
fraction which inhibits the growth of certain bacterial 
species. 

We have attempted the fractionation of the same 
irradiated material (given to us by Dr. H. M. Rozen- 
daal, General Electric Research Laboratories, Sche- 
nectady) and have isolated from it several compounds. 
About 20 per cent of the original 1-tryptophan is 
transformed by the radiation into a complex mixture 
of compounds, some of which are in the form of free 
radicals—as can be demonstrated by the paramag- 
netic resonance spectrum obtained from the irradiated 
tryptophan. 

Separation of the mixture into its components is 
still incomplete, and the results on this aspect of the 
problem will be the subject of a future publication. 

In addition to the fraction described by Rozendaal 
we have obtained a different one, which has led to the 
finding that some tryptophan esters are active as 
growth inhibitors for several micro-organisms. This 
fraction (WS 55) was consistently obtained by 
elution from an alumina chromatographic column 
with n-butanol saturated with 1 N hydrochloric acid. 
Fraction WS 55 was purified and obtained in crystal- 
line form from hot water after clarification with 
active charcoal (“Nuchar’ C-190—N). 

This compound has been identified as the n-butyl 
ester of L-tryptophan by comparison of its physical 
and chemical properties with synthetically pre 
material? (Table 1). 

Once the chemical structure had been established, 
it appeared that this compound could be fo 
simply as an artefact of the chromatographic tech- 
nique and therefore does not necessarily have to be 
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Table 1. ‘RLSMSNTART ANALYSIS 


Theoretical for 
phen td ester of 


ophan 
hydroehlorie acid 
60-66% 
7:07 


9-43 
10-78 


12-01 
297 


Synthetic 
compound 





| 

6-97, | 7-06 

9-54 | 9-59 
| 


60-98% | 


| 11-21 10-94 
(by i— 
Cl 2-0 
Melt. pt. 216-219" C. 


Molec. wt. 
(by neutral om alent) 


11:8 
op 319° C. 


considered as a product of X-irradiation of L-trypto- 
phan. 

Inhibition by this ester was demonstrated on the 
following micro-organisms : Escherichia coli B, Bacillus 
subtilis 6051, Streptococcus mastitidis V,, and on 
representative micro-organisms of the es 
genera (these organisms have been tested by Dr. W. T 
Bradner of our Division): Bacteroides, Butyribac- 
terium, Clostridium, Micrococcus, and Proprionibac- 
terium. Details of the bacteriologica] data obtained 
with the first three organisms have been presented 
elsewhere’. 

A series of higher homologues of esters of L-trypto- 
phan were synthesized? and tested for antibacterial 
activity employing as test organisms EL. coli B, and B. 
subtilis 6051. Quantitative determinations for growth 
inhibition were performed in minimal synthetic liquid 
medium‘. The level of inhibition was measured by 
determining the turbidity in a series of flasks at 
560 my after 16 hr. incubation at 37° C. 


It can be seen from Fig. 1 that as the length of 


the alcohol chain increases, the amount of ester 
required for 50 per cent inhibition of growth decreases. 
Furthermore, increasing the alcohol chain to more 
than eight carbons does not further increase the 
antibacterial activity. Moreover, the methyl and 
ethyl esters showed no inhibitory activity at concen- 
trations as high as 2 umoles/ml. A similar quantita- 
tive relationship has been observed for B. subtilis 6051. 

A number of esters of other amino-acids have been 
synthesized or obtained commercially and several of 
these in preliminary experiments have shown inhib- 
itory activity against the test organisms. 

As yet the mechanism by which these amino-acid 
esters interfere with the growth of micro-organisms is 
unknown. It is tempting to speculate on the pos- 
sibility that the esters may interfere with protein 
synthesis by virtue of the fact that, since they are 
in a chemic. vally ‘activated’ state, they might combine 
more readily ‘than their parent amino-acid with a 
‘carrier’ and thereby flood the protein-forming 
system with primarily an over-abundance of a single 
type of ‘utilizable amino-acid complex’. This may 
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Fig. 1. Effect of alkyl chain-length of esters of L-tryptophan on 
the growth of Z. coli B. 
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cause inhibition of growth due to synthesis of 
unbalanced proteins. 
Giutio C. PERRI 
Louis KAPLAN 
C. CHESTER Stock 
Division of Experimental Chemotherapy, 
Sloan-Kettering Institute for Cancer Research, 
and 
Sloan-Kettering Division, 
Cornell University Medical College, 
New York. 
1 Rozendaal, H. M., Gould, C. W., and Germain, M. T., Science, 125, 
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* Fischer, E., Chem. Ber., 34, 443 (1901). 
3 Kaplan, L., Perri, G. C., and Chester Stock, C., Nat. Meet. Soc. 
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4 Anderson, E. H., Proc. U.S. Nat. Acad. Sci., 
R. Garibaldi, 3: A., and Humphreys, EB. M., Arch. 
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Detection of Sialic Acid in Various 
Escherichia coli Strains and in Other 
Species of Bacteria 


Ir was recently reported! that an acidic amino- 
polysaccharide termed colominic acid was elaborated 
into the culture medium by the colocinogenic strain 
of Escherichia coli known as K235. This polysac- 
charide was afterwards shown to be composed of 
repeating units of N-acetylneuraminic acid or ovine 
sialic acid®. Since this was the first time that sialic 
acid substances had been found in other than muco- 
polysaccharides derived from mammalian sources a 
survey was made to ascertain whether these sub- 
stances occurred in other Escherichia coli strains and 
in different species of bacteria. In addition, an 
attempt was made to correlate the pressure of sialic 
acid with other known properties of these bacteria. 

A study of the agglutination properties of viable 
and heat-treated Escherichia coli K235L+OC+ bacteria 
in homologous antiserum revealed that this strain 
contains a capsule or envelope substance commonly 
termed a K antigen in addition to the somatic O 
antigen. Confirmation of the presence of a K antigen 
was obtained from agglutination experiments of 
viable bacteria in K antiserum. 

The Escherichia coli K235L+OC+ strain was sub- 
mitted for serological classification and showed the 
following serotype : Escherichia coli O1: K1: HNM. 
Several Escherichia coli strains of known serotype were 
analysed for sialic acid, bacteriocine and hemolysin. 

The bacteria were grown in sterile culture. The 
flasks, containing 500 ml. of suitable medium*, were 
incubated with aeration at 37° C. for 5 hr. The 
bacteria were harvested by centrifugation. The cells 
were washed in 10 ml. of water and collected as before. 
The washed bacteria were suspended in 4 ml. of 
distilled water. The mixture contained in a sealed 
tube was heated for 2 hr. at 100° C. This procedure 
separated the K antigen from the bacterial surface. 
The bacteria were removed by centrifugation and 
the supernate decanted. Analyses for sialic acid were 
performed on this fluid by employing a modification 
of Werner and Odin’s method’. 

The bacteria were tested for their ability to produce 
bacteriocine in the following manner. An overlay of 
nutrient soft agar seeded with LHscherichia coli 
strain B bacteria was poured on to a stab culture of 
the organism grown on an agar plate and killed with 
chloroform. Presence of a bacteriocine inhibited 
the growth of the test organism, and a clear area about 
2-3 cm. in diameter was visible around the killed stab 





118 NATURE 


Table 1. Escherichia coli STRAINS TESTED FOR SIALIO ACID, BACTERIO- 
CINE AND HA&MOLYSIN 





Substance tested 


Sialic Bacterio- | Haemo- 
acid cine lysin 


E. coli OL: Ki(L): HNM + 
coli 06 : K53(L) : HNM e 





Organism 





+ 


P+ 1+ 


+ 


| 
| 
| 


} 
| 





E. coli O8: HNM 
E. coli O9: HNM 
. coli OF: :HNM 
. coli OF: :HNM 
. coli O9 : :HNM 
. colt O9: HNM 


coli 026 : K60(B6) : HNM 
coli 0127a : K63(B8): HNM 
coli O86a : K61(B7): HNM 
coli 0111: K58(B4): HNM 
coli O112a, 112¢ : K66 
col: 











(B11): HNM | 
+ 055 : K59(B5): HNM _ _ | 














culture. Hemolytic properties were determined by 
streaking the culture on blood agar plates and noting 
whether the colonies were surrounded by a greenish 
ring or by a cleared area. 

The results of all tests are given in Table 1. It is 
to be noted that of 19 strains examined only two 
give positive tests for sialic acid. The positive test 
obtained with the Escherichia coli 010: K5: HNM 
strain was weak. <A quantitative evaluation of the 
amount of sialic acid released to the supernate by 
the heat treatment of cells of this strain showed but 
one-tenth of the amount of sialic acid found in a 
similarly treated sample of Escherichia coli O1: K1: 
HNM bacteria. These results indicate that sialic 
acid is not a common component of the various K 
antigens found in Escherichia coli bacteria. 

It will also be seen from Table 1 that six of the 
Escherichia coli strains tested produce bacteriocine 
and that three produce hemolysin. However, the 
presence of these properties is unrelated to the 
occurrence of sialic acid in the cells. Two strains 
tested, Escherichia coli 06: K53:HNM and 04: 
K12: HNM, show both bacteriocine and hemolysin 
activities. Several strains which are devoid of 
hemolytic activity elaborate bacteriocine. In addi- 
tion, strain 026 : K60 : HNM shows potent hemolytic 
properties but is a non-producer of bacteriocine. 
Thus, the hemolysin and bacteriocine activities of 
Escherichia coli strains are unrelated to each other. 

Several strains of Escherichia coli containing the 
K1 antigen but with different O antigens were exam- 
ined for sialic acid, bacteriocine and hemolysin. 
The results are recorded in Table 2. It is to be noted 
that all 5 strains tested gave positive tests for sialic 
acid. In addition, three of these strains produce 
bacteriocine and none produce hemolysin. 


Table 2. Escherichia coli STRAINS CONTAINING THE K1 ANTIGEN 
AND Various O ANTIGENS TESTED FOR SIALIC ACID, BACTERIOCINE 
AND H&MOLYSIN 





Substance tested 


Sialic Bacterio- | Hemo- 
acid cine lysin 








. :HNM 
. colt 025: K1: HNM 
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Negative tests for sialic acid were obtained on the 
supernates isolated from several different species of 
heat-treated bacteria. These included 5 Salmonella, 
7 Shigella, 1 Pneumococecus (Type 1), 3 Megatherium 
and 2 Cereus strains. A strain of Citrobacter freundii 
examined showed strong positive tests for sialic 
acid. The amount of sialic acid released by heating 
these cells was equivalent to that obtained from 
similarly treated Escherichia coli strains containing 
the K1 antigen. However, no serological relationship 
was found by cross agglutination tests between the 
Citrobacter freundii strain and the Escherichia coli 
strains containing the K1 antigen. 

Therefore, the distribution of sialic acid among 
Escherichia coli strains containing K antigens is not 
widespread. Only 2 of the 19 strains tested indicate 
that sialic acid appears to form part of the chemical 
composition of the organism. Of the 77 known 
serologically different K antigens‘ associated with 
Escherichia coli bacteria, some 25 per cent were exam- 
ined in this study. The richest source of sialic acid 
occurs in Escherichia coli strains which contain the 
Kl antigen. The existence of sialic acid in Escherichia 
coli strains is unrelated to the presence of bacteriocine 
or hemolysin. Sialic acid was detected in only 
one other species of bacteria, namely, a Citrobacter 
freundii strain (Escherichia coli 5396/38). 

This work has been supported by a grant from the 
U.S. Public Health Service. 

I am indebted to Dr. W. H. Ewing of the Com- 
municable Disease Center, Chamblee, Georgia, for 
the Escherichia coli strains and for the serological 
classification of Escherichia coli K235L+0C+. 


Guy T. Barry 


University of Tennessee Memorial Research Center, 
Knoxville, Tennessee. 
Nov. 17. 
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Urinary Excretion of §-Amino-isobutyric 
Acid in Eskimo and Indian Populations 
of Alaska 


Various studies have shown that the differential 
urinary excretion of B-amino-isobutyric acid is under 
genetic control!-*. Family data indicate that 4 
single major gene pair is responsible for most of the 
variation in differential excretion of B-amino-isobuty- 
ric acid, with high excretors being homozygous for 4 
single recessive gene and low excretors either hetero- 
zygous or homozygous for the dominant allele. 
Further investigations have demonstrated marked 
variation in the frequency of high and low excretors 
in different races and have indicated the value of this 
character in genetical-anthropological work*.*. 

8-Amino-isobutyric acid appears to be derived from 
the breakdown of thymine via dihydrothymine and 
ureidoisobutyric acid’. There is evidence that the 
differences in excretion-level may be due to differential 
metabolism of $-amino-isobutyrie acid by low and 
high excretors®. 

In view of these considerations, it appeared possible 
thet a comparative study of urinary excretion-rates 
of 8-amino-isobutyric acid of Eskimo and Indian 
populations in Alaska might shed further light on the 
genetic relationship of these groups and on the selec- 
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Fig. 1. Frequency distributions of urinary excretion-rates of 
s-amino-isobutyric acid of Athabascan Indians and Eskimos. 
N, number of subjects 


tive forces which maintain this polymorphism in the 
population. 

The populations studied were Eskimos from 
Barrow and Wainwright on the north coast of Alaska 
and Athabascan (Na-Dene)-speaking Indians from 
Fort Yukon, Beaver and Arctic Village. Further de- 
tails of the population structure, which can be taken 
as randomly selected and nearly all pure-blooded 
(as indicated by census data), will be given else- 
where’. Urine specimens were collected in the field, 
thymol added as a preservative, and the samples 
kept at approximately 4° C. for 3-7 days until ready 
for shipment to the laboratory in Seattle. Determina- 
tions of B-amino-isobutyric acid were carried out by 
high-voltage electrophoresis on paper!®, and creatinine 
was determined by the alkaline-picrate method. 

In Fig. 1, the frequency distributions of excretion 
of §-amino-isobutyric acid for the Athabascan Indian 
and Eskimo populations are presented. The fre- 
quencies are bimodally distinguished with the anti- 
mode at 1-85. Taking the anti-mode as the dividing 
point between low and high excretors, the frequencies 
of these classes can now be estimated, and the results, 
along with comparative values from other populations, 
are presented in Table 1. 

The Alaskan Athabascan and Apache Indian 
Populations show similar high frequencies for excretion 
of B-amino-isobutyric acid, whereas the Whites 
show a very low rate of excretion. The low rate of 
éxeretion for Whites has been well documented in 
other studies'.*, The incidence of high excretion of 
-amino-isobutyric acid for North American Indians 
sgiven further support by some unpublished results of 


Table 1. Frequency OF HIGH EXCRETORS IN VARIOUS POPULATIONS 
eo... 
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Kraus and Gartler on excretion of 8-amino-isobutyric 
acid in the Papago and Pima Indians of Arizona, 
where values of more than 40 per cent high excretors 
were found. The excretion-rate of the Eskimo 
population is intermediate between the Indians and 
Whites, and differs significantly (P < 0-01) from that 
for the Alaskan Athabascans. The results then 
argue against any close genetic relationship of the 
Athabascan Indians and Alaskan Eskimos. 

There is good evidence for a language affinity 
between the Apaches on one hand and the northern 
Athabascan-speaking people on the other, and 
some anthropologists have concluded that the 
Apache among others represent the southward 
migrated people from northern tribes!*. Although 
the small numbers sampled preclude exact compari- 
sons, the present results are consistent with such a 
relationship. Furthermore, if the similarity is borne 
out in more extensive studies, it would appear that 
there has been little change in the incidence of high 
excretors in two populations which are thought to 
have separated from each other 400-600 years ago}. 

It would be of interest to compare the Athabascan 
and Eskimo values with comparable results from 
various Oriental populations. However, at present 
only scanty and not strictly comparable results are 
available for some Chinese and Japanese groups’®.®. 
The results show definitely higher excretion-rates of 
8-amino-isobutyric acid as compared with Whites, 
but are not sufficient to allow any conclusions 
regarding the origin of the Athabascan or Eskimo 
groups. 

Collections of specimens in Alaska were facilitated 
by many individuals and agencies to whom we 
are indebted; in particular, Col. H. F. Currie, 
C. Murray and F. Milan of the Arctic Aeromedical 
Laboratory, Ladd Field ; M. C. Brewer of the Arctic 
Research Laboratory, Barrow; Dr. Burns Jones of 
the Hudson Stuck Memorial Clinic, Fort Yukon ; 
Drs. C. Dotter and C. Hopkins of the University of 
Oregon Medical School. 

This work was supported in part by grants from the 
Wenner-Gren Foundation, U.S. Public Health Service 
(H-3161, H-3091 (C1)) and National Science Founda- 
tion (G-4464). 
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Effect of D-Sorbitol on the Absorption 
of Orally Administered Vitamin B,. 


Cuow et al.' reported that a multiple component 
lipotropie elixir could increase the absorption of 
orally administered vitamin B,, by healthy subjects. 
It was afterwards claimed? that p-sorbitol was the 
substance in the elixir which possessed this quality, 
and radioactive studies in rats by Greenberg and his 
colleagues* supported these results. Morgan and 
Yudkin‘ produced experimental evidence suggesting 
that sorbitol could render rats independent of 
dietary sources of vitamins of the B group. 

In view of these findings we have studied serial 
vitamin B,, values of the serum of twelve healthy 
subjects, who, for periods of 2 weeks or 3 months, 
took daily oral doses of vitamin B,, in water or 
in the form of a simple syrup, with or without 
p-sorbitol. 

Serum vitamin B,, was estimated by the Euglena 
gracilis technique’. Each serum was tested three 
times. On one occasion all sera from each subject 
were assayed simultaneously. Methods of collection, 
storage and assay of sera were kept standard through- 
out. Normal range of serum vitamin B,, concentra- 
tions has been found* to be 130-750 uugm. per ml. 
Unless stated otherwise, the daily dose of vitamin 
B,,or vitamin B,, and sorbitol was taken before 
break fast. 

Results to be reported elsewhere* show that there 
may be a physiological variation in the level of serum 
vitamin B,, in normal individuals taking a mixed 
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Fig. 1. Serum vitamin B,, values of six healthy subjects over a 
period of 9 months. Oral vitamin B,,, with or without additional 
sorbitol, was taken during the period indicated 
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Fig. 2. Serum vitamin B,, values of six healthy subjects who 
received 25 ugm. vitamin B,, daily individual oral doses for 2 weeks, 
three with and three without the addition of 12 gm. sorbitol 


diet. This was found to be up to 120 zugm. per ml., 
and Chow et al.? have observed differences of even up 
to 216 uugm. per ml. when repeating tests on normal 
subjects over 6-8 months. 

As is shown in Fig. 1, two subjects taking either 6 
or 3 gm. D-sorbitol daily with 50 ugm. vitamin B,, 
orally for 3 months showed no further increase in 
serum vitamin B,, level when compared with four in- 
dividuals receiving 50ugm. vitamin B,,insimplesyrup. 

Likewise, three subjects taking 25 ugm. vitamin B,; 
in water orally daily together with 12 gm. p-sorbitol 
in three divided doses for two weeks also showed no 
significant difference from the values obtained in 
three subjects taking the same dose schedule of 
vitamin B,, alone in water (Fig. 2). 

12 geriatric patients without anzemia were given 50 
ugm. vitamin B,, orally in syrup daily without p-sorb- 
itol for four weeks. The mean serum vitamin B,, value 
of this group before the trial was 240 yugm. per ml. 
(range 180-340). At the end of the four-week trial, all 
values had risen, giving a mean of 370 yugm. per ml. 
(range 220-600). In a further group of six old people 
with a mean serum vitamin B,, level of 235 uygm. 
per ml. (range 100-390) daily oral dosage of 50 pgm. 
vitamin B,, together with 6 gm. pD-sorbitol for four 
weeks resulted in an increase to a mean serum vitamin 
B,, value of 340 uugm. per ml. (range 190-540) at 
the end of the trial. These results, while showing 
that a rise in serum vitamin B,, concentration follow- 
ing such daily dosage can occur, give no support te 
the view that sorbitol, in the dosage given, increases 
absorption of vitamin B,, from the alimentary tract. 
Herbert* also found sorbitol to have no such effect 
in cases of pernicious anzmia. 
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Weare grateful to those volunteers who co-operated 
in taking vitamin B,, orally in these studies. 
J. N. MarsHati CHALMERS 
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Activation of Thionophosphates by Liver 
Microsomes 

Many organophosphorus insecticides are poor 
inhibitors of cholinesterase, but are converted to 
potent inhibitors (‘activated’) by certain mammalian 
and insect tissues. The activation by liver slices was 
first shown by Gardiner and Kilby? for schradan (a 
phosphoroamidate), and by Diggle and Gage* for 
parathion (a phosphorothionate). Davison* showed 
that both these activations could be effected by the 
combined soluble and microsomal fraction of liver, 
if magnesium, nicotinamide and diphosphopyridine 
nucleotide were provided. I have shown that the 
soluble fraction could be replaced by reduced diphos- 
phopyr dine nucleotide for activation of schradan‘ 
and m.lathion®. In the present work, a slightly 
different technique was used for demonstrating 
activation of phosphorothionate by liver microsomes 
with reduced diphosphopyridine nucleotide. 

Once-washed microsomes were prepared as previ- 
ously described‘ from a given volume of 10 per cent 
fresh mouse liver, and resuspended in the original 
volume of 0-9 per cent sodium chloride. To 0-5 ml. 
of this preparation was added 2 x 10-5 M organo- 
phosphate, 0-018 M magnesium, 0-01 M nicotin- 
amide, and 1 mgm. pyridine nucleotide (usually 
reduced diphosphopyridine nucleotide), giving a total 
volume of 2-5 ml. The mixture was shaken for 30 
min. at room temperature in a 50-ml. beaker (it was 
essential to expose a large surface area). Samples 
were then diluted 2, 20 and 200 times, and duplicate 
lml. portions were added to 1-5 ml. of 7-5 times 
diluted human plasma, and incubated at 37° C. for 30 
min. Acetyl choline bromide (0-2 ml. of 5 per cent) 
and 7-3 ml. of water were added and the cholinesterase 
activity determined by titrating to constant pH, 
using @ micrometer syringe and a pH meter, with the 
sample at 37° C. being stirred by carbon dioxide-free 
alr at 37° C. 

In order to obtain a standard preparation, mouse 
microsomes were at first prepared in bulk (that is, 
from 20 gm. of liver), rapidly frozen in units sufficient 
for one day’s work, and stored in the refrigerator. 
This treatment had previously been shown‘ to main- 
‘ain activity, whereas under any other conditions 
activity disappeared in 24 hr. However, these frozen 
Preparations deteriorated slowly, being inactive after 
eight days. Microsomes were therefore prepared 
fresh each day for the experiments reported here. 

The results (Table 1) show activation of all com- 

except “Dimethoate’ and “Tetram’. The 
latter was included to test the possibility that dialky]- 
aminophosphates might be activated: it appears 
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Table 1 





Per cent cholin- 
esterase inhibition : 
With Without 

micro- micro- 

somes somes 


Trivial name Chemical name 





1. Co-ral 0,0-Diethyl O-(3-chloro-4- 
methyl-7-coumarinyl) phos- 
phorothionate 

0,0-Dimethyl] 8-(1,2-dicarb- 
ethoxyethyl) phosphorodi- 
thioate 
0,0-Dimethyl S-(4-oxo- 
1,2,3-benzo-triaxinyl-3- 
methyl) phosphorodithioate 

0,0-Diethy] O-(2-isopropyl- 
6-methyl-4-pyrimidyl) phos- 
phorothionate 

0,0-Diethyl O-(4-methyl- 
umbelliferyl) phosphoro- 
thionate 

0,0-Dimethy] S-(N-methyl- 
corpmeraeeneens) phos- 
phorodithioate 

0,0-Dimethy! O-2,4,5-tri- 
chlorophenyl phosphoro- 
thionate 

O-Ethyl O-p-nitrophenyl 
phenylphosphorothionate 

0,0-Diethyl S-(8-diethyl- 
amino) ethyl phosphoro- 


thiolate 
10. 0,0-Diethyl S8-(8-diethyl- 
amino) ethyl phosphorodi- 
thioate 


0,0-Diethyl O-p-nitropheny] 

phosphorothionate 11 
12. Tetraethyl phosphoro- 
diamidic anhydride 9 


2. Malathion 
3. Guthion 
4. Diazinon 
5. Potasan 
6. ‘Di- 
methoate’ 


7. Trolene 





8. EPN 
9. ‘Tetram’ 


18 
11. Parathion 




















Pyridine nucleotide was reduced diphosphopyridine nucleotide. 
Figures are for organophosphates at 4 x 10-’ M (except ‘Tetram’, 
4 x 10-* M) at stage of incubation with cholinesterase, A different 
microsome preparation was used for each compound. 


that they are not. Microsomes can hydrolyse 
‘Acethion’ (0,0-diethyl S-carboethoxymethyl phos- 
phorodithioate) at the carboxyester group, and as a 
consequence do not show activation of ‘Acethion’®. 
This may hold for ‘Dimethoate’ and (to a lesser extent) 
for malathion. The poor activation of tetraethyl 
phosphorodiamidic anhydride, compared with the 
strong activation of its methyl analogue, schradan‘, 
demonstrates that this system, which is so non-specific 
with phosphorothionates, is highly specific for certain 
phosphoroamidates. 

The pyridine nucleotide requirement was also 
studied (Table 2). As in the activation of schradan‘, 
the reduced nucleotide is preferred; yet even the 
unreduced diphosphopyridine nucleotide shows clear 
activity ; and reduced triphosphopyridine nucleotide 
is at least as good as reduced diphosphopyridine 
nucleotide. 

This work shows that out of the ten thionophos- 
phates studied (that is, the compounds of Table 1 
except for Nos. 10 and 12), nine were activated by a 
preparation of microsomes and reduced diphospho- 
pyridine nucleotide. 

This communication has been approved for publica- 
tion by the Director of the Wisconsin Agricultural 


Table 2 





¢ Per cent cholinesterase 
inhibition : 
Parathion Parathion 


Pyridine nucleotide 
4x10" 4x10 


Nil 1l 6 
Diphosphopyridine nucleotide 60 9 
Reduced Seeegncorsitine nucleotide 100 39 


hospho; ne nucleotide 39 28 
eal Cickuagncoyriaine nucleotide 100 56 


Systems contain 1 mgm. per flask of pyridine nucleotide indicated. 
Concentrations given are for thion or products at stage of incuba- 
tion with cholinesterase. All results are from the same microsome 


preparation. 
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Experiment Station. The experiments were per- 
formed by Mr. V. K. Patel, and the study was 
supported in part by funds from the Wisconsin 
Alumni Research Foundation. 
R. D. O’BrIEN 
Department of Entomology, 
University of Wisconsin. 

’ Gardiner, J. E., and Kilby, B. A., Biochem. J.,51, 78 (1952). 
® Diggle, W. M., and Gage, C. J., Biochem. J., 49, 491 (1951). 
® Davison, A. N., Biochem. J., 61, 203 (1955). 
‘ O’Brien, R. D., Can. J. Biochem., 34, 1131 (1955); 85, 45 (1955). 
* O’Brien, R. D., J. Econ. Entomol., 60, 159 (1957). 


* O’Brien, R. D., Thorn, G. D., and Fisher, R. W., J. Econ. Entomol, 
(in the press). 
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A Sex Difference in Radioactivity of 
Artemia cultured in Sea Water 
containing Phosphorus-32 


PHOSPHORUS as a constituent of energy storage- 
transfer systems and as a structural component of 
nucleic acid is essential to life. As such it is not 
surprising that its radioactive form has proved to be 
the isotope of greatest biological importance in the 
disposal of liquid wastes from atomic energy instal- 
lations'. The present report concerns a phase of a 


long-term investigation on the genetic effects of 
radiation on populations of marine animals. 

During the summer of 1958, phospborus-32 was 
added in known concentration to sea water con- 
taining adult brine shrimps, Artemia salina. After- 
wards, Geiger—Miiller counts were made of individual 
adults and of samples of the sea water. 


Over a 
significant period of time, females were more radio- 
active than males. 

An American diploid amphigonic strain of Artemia 
has been maintained in jar cultures for 4 years. 
Similar cylindrical jars, 27 cm. x 15-6 cm., were used 
for the present experiment. Thirty pairs of adults were 
placed in 3 litres of sea water. Then 30 uc. of phos- 
phorus-32 was added. The chemical form was hydro- 
gen phosphate in dilute hydrochloric acid solution. 
Adults were removed periodically, washed thoroughly 
in sea water, killed and dried, one per planchette. 
At the same time, a sea-water sample equivalent in 
mass to an Artemia was also dried on a planchette. 
A measure of the radioactivity was then obtained 
by counts taken with an El-Tronics, Inc. Scintillation 
Scaler, Model 1.86455, using a shielded manual sample 
changer, Tracer Lab., Inc. Model SC9L. 

In the first experiment, the relative radioactivity 
of sea water and of a single male and female was 
assessed nearly every day for a 20-day period. The 
results demonstrated early achievement of a high 
peak in female radioactivity and a levelling off for 
both sexes at about the tenth or eleventh day, by 
which time uncentrifuged sea water showed little 
radioactivity above background. 

A second experiment was then set up to provide at 
least two animals of each sex to be counted each day 
for 15 successive days. Results are summarized in 
Fig. 1. The radioactivity of females was consistently 
above that of males until nearly two weeks had 
elapsed. Although they were already more radio- 
active than centrifuged sea water after one day, 
Artemia did not surpass the radioactivity of uncentri- 
fuged sea water until 3 or 4 days. This is taken as 
evidence of the transfer of radiophosphorus through 
the food-chain. Uncentrifuged water contained 
Chlorella, bacteria and yeast cells. The latter are 
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Fig. 1. The relative radioactivity of Artemia and the sea water 

in which they were maintained after a single addition of phos- 

phorus-32 on day zero. The limits shown are the extreme low 
and high values for each day 


added to the culture as a diet supplement in amounts 
of 3 drops of dilute suspension per day. 

In order to determine what happens during the 
first 24 hr., a third experiment was set up in which 
individuals were killed every hour for the determina. 
tion of radioactivity. A sharp threshold was found 
between 9 and 10 hr. Before this, all animals were 
low in radioactivity ; after this they were highly 
radioactive. This corroborates that radiophosphorus 
association with Artemia is through ingestion as food 
rather than through adsorption or absorption. The 
period of time between addition to the culture and 
appreciable radioactivity of brine shrimp may reflect 
time required for biosynthetic incorporation by the 
micro-organisms. 

A peak and decline of female radioactivity (Fig. }) 
may be explained by loss of phosphorus-32 through 
incorporation into offspring. At least one F’; group 
was produced by the adults during the period of Fig. |. 
Furthermore, on the basis of a brood every 4} days’, 
females considered after the ninth day could already 
have given birth to two broods, thereby dispersing 
radiophosphorus into 30-140 offspring. Since the 
Artemia life-span averages 4 months? while the half- 
life of phosphorus-32 is only 14-3 days, detection of 
a re-occurrence of the sex difference due to re-cycling 
of phosphorus-32 seems unlikely. oa 

In the wasp Habrobracon, Grosch and Sullivan 
showed that 60 per cent of a radiophosphorus meal 
fed to females was deposited in the eggs. 
measured in terms of dominant lethals, the same meal 
is much less potent if fed to males*. In houseflies, 
females of two strains became more radioactive than 
males': in two species of Drosophila’ turnover 
phosphorus-32 differs between males and females, 
and female mosquitoes become twice as radioactive 
as males’. Since exceptionally high turnover of 
phosphorus associated with oviposition also charee 
terizes laying hens*, the phenomenon is not ! 
to the phylum Arthropoda. 
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In radio-ecological studies it has been customary 
to consider season, development and age for members 
of various species*. Present results suggest that sex 
isalso a matter of importance. The degree of induced 
sterility and zygotic dominant lethality now under 
sudy is otherwise unexplained. 

: Danreu 8. GroscH# 
Department of Genetics, 
North Carolina State College, 
Raleigh, North Carolina. 
Mary ELLEN PLuMB* 
Marine Biological Laboratory, 

Woods Hole, Massachusetts. 

* Research Assistant supported by the U.S. Atomic Energy Com- 
go see Whittaker, R. H., Ann. Rep. 1952, Biological Res. 
Hanford Operation, U.S.A.E.C. Document HW-28636, p. 14. 

: Lochhead, J. H., Zurtow News, 19, No. 2 (1941). 

‘Grosch, D. S., and Sullivan, R. L., Biol. Bull., 105, 296 (1953). 

‘Grosch, D. S., Amer. Nat., 90, 200 (1956). 

‘Babers, F. H., and Roan, C. C., J. Econ. Ent., 47, 973 (1954). 

‘King, R. C., J. Eup. Zool., 125, 331 (1954). 

*Bugher, J. C., and Taylor, M., Science, 110, 146 (1949). 

‘Lorenz, F. W., Perlman, I., and Chaikoff, I. L., Amer. J. Physiol., 
188, 318 (1942). 

B Nat. Acad. Sci., Washington, D.C., Pub. 551 (1957). 


A Correlation between lodine Permeability 
and the Gram Characteristic of Cells 

Kaplan and Kaplan’ demonstrated that the addi- 
tion of iodine to the alcohol used as a decolorizer in 
the Gram procedure resulted in retardation of the rate 
of decolorization. If the concentration of iodine was 
sufficiently high, no decolorization occurred. They 
also found that much higher concentrations of iodine 
in the alcohol were necessary to prevent the de- 


colorization of Gram-negative bacteria than for 
Gram-positive bacteria. In their opinion these results 
indicated that differences in permeability to iodine 
in alcoholic solution contributed to the mechanism 
of Gram differentiation. In confirmation of the above 
work, Mittwer, Bartholomew and Kallman? demon- 


strated that iodine in alcoholic solution stained 
Gram-negative cells much faster than Gram-positive 
cells. No such difference was demonstrable for 
iodine in aqueous solutions. The nature of the proof 
presented by the above workers, however, lacked 
accurate and objective results, and could not be con- 
sidered as conclusive. When the methods of filter 
paper chromatography are applied to this problem, 
accurate and objective results can be obtained easily. 

The chromatographic apparatus used consisted 
of8 in. x 1} in. glass test-tubes with cork stoppers. 
8ml. of solvent were placed in the bottom of the 
tubes. A cut was made in the bottom of the cork 
witha knife. The top of a silter paper strip (7} in. x 3 in., 
Whatman No. 1) was inserted into the cut. The cork 
and filter paper assembly were then inserted into 
the test-tube. This resulted in the bottom } in. of 
the filter paper being immersed in the solvent. 

Cell suspensions were prepared by harvesting the 
ells from a 48-hr. Petri-dish culture in 5 ml. of sterile 
water. Nutrient agar was used for bacterial cells, 
and wort agar for yeast cells. The suspension was 
tansferred to a test-tube and centrifuged. Following 
centrifugation the supernatant was decanted, and 
3ml. of Gram’s iodine solution added. The cells 
Were resuspended in the iodine solution for 5-10 min., 
wd then recentrifuged. The supernatant was drained 
ff. The cell paste remaining was then used in the 
‘periments. Approximately 0-005 ml. of this paste 
ps deposited in a thin line across the width of the 

‘et paper, at a distance of about 1 in. from the 
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bottom. Sahli pipettes (0-02 ml. volume) were found 
useful for this purpose. The preparation was allowed 
to dry for-about 1 hr. Occasionally, when the cell paste 
was too thick, the cells would separate from the filter 
paper during the drying period. This could be pre- 
vented by thinning the cell paste in the test-tube by 
adding one drop of iodine solution and afterwards 
washing the free iodine from the filter paper — cell 
preparation by the following method. After drying, 
the lower end of the filter paper carrying the cells 
could be immersed in 96 per cent alcohol in a series 
of 3-5 Coplin jars for 1 min. in each jar. This 
effectively removed free iodine from the filter paper 
but left sufficient in the cells for the purposes of the 
experiments. After drying, the filter paper strips 
were then placed in the chromatographic apparatus 
containing 8 ml. of solvent. After 1 hr. the strips 
were removed, dried, immersed in 0-5 per cent 
aqueous starch solution, dried with blotting paper, 
then air dried. The distribution of iodine was 
indicated by the blue colour. 

The Gram-positive organisms used were Saccharo- 
myces cerevisiae, Staphylococcus aureus and Sarcina 
lutea. The Gram-negative organisms used were 
Escherichia coli, Proteus vulgaris and Pseudomonas 
Fig. 1 shows the results for two Gram- 
positive (A,B) and two Gram-negative (C,D) organ- 
isms. The cells treated with iodine were exposed to 
96 per cent alcohol as a solvent in the chromato- 
graphic apparatus. The difference in loss of iodine 
between Gram-positive and Gram-negative organ- 
isms could be seen visually before the strips were 
immersed in the starch solution. The starch solution 
was used in an attempt to aid photographic represent- 
ation of the results obtained. In some instances no 
detectable iodine left the Gram-positive cells, as com- 
pared with a plentiful and continuous loss of iodine 
from Gram-negative cells. In other instances the loss 
of iodine from the Gram-positive cells was sufficient 
to give a very faint blue colour with starch, as com- 


Fig. 1. Cells treated with iodine, then exposed to 96 per cent 
alcohol as the solvent in a chromatographic apparatus. A, 
S yces cerevisiae ; B, Staphylococcus aureus ; C, Escherichia 
coli; D, Proteus ris. A 0-5 per cent aqueous starch solu- 
tion was used to aid in the photographic demonstration of iodine 
distribution. During exposure to aqueous starch the thick blue 
line at the base of the —_- appeared due to iodine diffusion out of 
the cells (strips A,B). The topline represents the height reached 
by the solvent, the cross-hatching the area of deep blue colour 
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Fig. 2. Same as Fig. 1 except that filter paper strips were exposed 
to 0°5 per cent aqueous starch solution as the solvent in the 
chromatographic apparatus 


pared with a very deep blue colour given when Gram- 
negative cells were used. No exceptions to these 
differences were found during repeated testing of 
three species of Gram-positive organisms and three 
species of Gram-negative organisms. Fig. 2 shows 
a similar series of filter paper strips, except that 
aqueous starch solution was used as a solvent in 
the chromatographic apparatus. It can be seen that 
under aqueous conditions the iodine left both Gram- 
positive and Gram-negative cells at a very rapid rate. 
This difference between alcohol and aqueous solvents 
and their effect on loss of iodine from bacterial cells 
confirms the observations of Mittwer, Bartholomew 
and Kallman’. If filter paper strips with organisms 
were first placed in the chromatographic apparatus 
for 1 hr. with 96 per cent alcohol as a solvent (or 
washed in alcohol by the procedure given above), 
then dried and again placed in the apparatus with 
aqueous starch solution as a solvent, results were 
obtained identical with those shown in Fig. 2. This 
demonstrated that exposure to alcohol under these 
conditions left considerable residual iodine in the 
cells. The differences shown in Fig. 1, therefore, 
represented differences in the rate of loss of iodine. 
The above results show clearly the difference be- 
tween Gram-positive and Gram-negative organisms in 
the rate of iodine loss when alcohol is used as a solvent. 
We are now trying to obtain better quantitative results 
by using radioactive iodine. It is yet to be demon- 
strated whether the above differences are responsible 
for Gram differentiation or merely correlated with it. 
This work was assisted by a grant (H-121) from the 
Institute of Allergy and Infectious Diseases, National 

Institutes of Health, U.S. Public Health Service. 

J. W. BarTHOLOMEW* 

THomas CROMWELL 

i Haroitp FINKELSTEIN 
Department of Bacteriology, 
University of Southern California, 

Los Angeles 7. Oct. 31. 


* 1958-59 Fulbright Lecturer, Department of Bacteriology, School 
of Medicine, University of Queensland, Brisbane, Australia. 
? Kaplan, M. L., and Kaplan, L., J. Bact., 25, 309 (1933). 
2 Mittwer, T., Bartholomew, J. W., and Kallman, B. J., Stain Tech., 
25, 169 (1950). 
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Dependence of the Heat Resistance of 
Bacterial Endospores on their Dipicolinic 
Acid Content 


Ir is generally accepted that mature spores from 
aerobic or anaerobic bacteria contain large quantities 
(5-15 per cent of the dry weight) of dipicolinic aeid, 
whereas it is absent in the non-resistant vegetative 
cells'.*. Biosynthesis of dipicolinic acid is usually 
considered to be indicative of the formation of heat. 
resistant spores. In Clostridium roseum® sporulation 
involves the development first of a refractile spore. 
like body, which is followed by the synthesis of 
dipicolinic acid, and later of a heat-resistant spore. In 
the aerobic bacteria, however, a close correlation 
between these three processes makes difficult the 
isolation of the first stage in sporulation. 

In collaboration with Dr. George Cohen, we have 
been studying the route of the biosynthesis of dipi- 
colinic acid in Bacillus cereus var. terminalis by 
isotopic competition experiments. During the course 
of these studies, it was observed that the presence of 
phenylalanine during sporulation reduced the level 
of dipicolinic acid formed. These findings have led 
us to examine further the specificity of this suppres- 
sion and the relationship between the dipicolinic acid 
content, viability and heat resistance of the free, 
mature spore. 

Spores of B. cereus var. terminalis were produced in 
100-ml. flasks containing G medium‘ supplemented 
with various amino-acids. The flasks were shaken 
aerobically at 30° C. until lysis of the vegetative cells 
had proceeded to the point where the culture con- 
tained more than 90 per cent free spores. The spores 
were first separated from the vegetative debris by 
centrifugation at 1,500 r.p.m. for 1 hr. in a solution 
of higher specific gravity (40 per cent sucrose). The 
spores were then further cleaned as_ previously 
described‘. The washed spores were lyophilized and 
their dipicolinic acid content determined on a 15-20 
mgm. sample by the method of Janssen et al.°. To 
measure heat resistance, an aqueous suspension 
(1 mgm. spores/ml.) was heated to 80° C. and aliquots 
removed at intervals for measurement of viability. 

The results in Table 1 show that the dipicolinic 
acid content of spores is lowered from 74 to less than 


EFFECT OF THE COMPOSITION OF THE SPORULATION MEDIUM 
ON THE PROPERTIES OF THE SPORE 
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Fig. 1. Spores of Bacillus cereus var. terminalis, produced in the 
presence (A) or absence ~ a oe DL-phenylalanine 
x i, 


0-2 ygm./mgm. spores by reducing the level of yeast 
extract in the sporulation medium. The dipicolinic 
acid content is raised by the addition of vitamins, 
suppressed by the addition of pL- or L-phenylalanine 
and relatively unaffected by the presence of various 
other amino-acids. The inhibition of the synthesis 
of dipicolinic acid by phenylalanine was not reversed 
by increasing the level of yeast extract. 

“With the possible exception of spores produced in 
medium containing 0:2 mgm. yeast extract/100 ml. 
medium without added vitamins, variation in the 
dipicolinic acid content is not reflected in the appear- 
ance of the spore. As shown in Fig. 1, spores grown 
in L-phenylalanine are indistinguishable from spores 
grown in G medium. In all cases the spores were 
refractile and impermeable to methylene blue. 
Germination and resporulation in G medium of spores 
low in dipicolinic acid yielded spores with a normal 
dipicolinic acid content. 

Fig. 2 shows the relation between dipicolinic acid 
content, viability and the rate of heat inactivation 
of the spores in Table 1. Above 1-2 per cent dipi- 
colinie acid, viability is independent of the dipicolinic 
acid content ; however, as the level of dipicolinic 
acid is reduced below 1-2 per cent, the proportion of 
non-viable, spore-like bodies increases. The rate of 
heat inactivation shows a biphasic dependence on 
dipicolinic acid content. It thus appears that dipi- 
colinic acid protects at least two sites of the spore 
against heat inactivation. 

Although the ubiquitous presence of dipicolinic 
acid in mature bacterial spores has led to some 
speculation on its role in regulating the metabolic 
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Fig. 2. Effect of the dipicolinic acid content on the viability 
and heat resistance of bacterial spores 
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activity of the spore, little information is available 
on the function of the acid in heat resistance. Clearly, 
further information on the state of dipicolinic acid in 
mature spores and correlations between the contents 
of that acid and divalent metals and heat resistance is 
necessary to clarify the function of the acid. Although 
the present experiments have demonstrated a depend- 
ence of heat resistance on the acid content, attempts 
to protect enzymes in spore extracts against heat 
inactivation with dipicolinic acid have thus far had 
negative results. 

Work is in progress to examine the physiology of 
spores with low dipicolinic acid contents. 

We wish to acknowledge support from the Wiscon- 
sin Alumni Research Foundation and the Research 
Institute of the Warner-Lambert Pharmaceutical 
Company. 

Brooxs D. CuurcH 
Warner-Lambert Pharmaceutical Co., 
Morris Plains, N.J. 
Hartyn Hatvorson 
Department of Bacteriology, 
University of Wisconsin, 
Madison, Wisconsin. 
Oct. 18. 
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Genetic Independence of Four Mutants 
in the Syrian Hamster 


GENETIC tests have been completed for possible 
linkage between the four mutant alleles, ruby-eye 
(ru) and cream! (e), acromelanic albinism* (c¢) and 
piebald spotting*® (s), of the hamster Mesocricetus 
auratus. Each of the ten possible combinations with 
four genes, and with the sex-differentiating segment of 
the Y chromosome treated as a dominant gene, has 
been studied. 

Only one of the ten combinations yielded a dis- 
turbed genic segregation which could possibly be 
interpretated as linkage. The two mutants concerned 
are ru and s, and the disturbed segregation, which is. 
a repulsion F’,, is as follows : 


RuS rus Rus rus 
684 172 87 8 


Associative x* 
7°59 


However, the two genes are known individually to. 
confer a semi-inviability, and the observed figures. 
could also be interpreted as due to an inviability 
interaction resulting in excessive mortality of the 
rus class. An indication that such an effect could be 
operating is given by an analysis of variance of 21-day 
weight of the F’, generation, which revealed significant. 
differences between the four classes. Taking the 
normal class as standard, the percentage weights of 
the following three are 83, 77 and 45. If the respective 
weight reductions for the presence of ru and s are inde- 
pendent, the combined reduction would be expected 
to be of the order of 64, rather than 45, per cent. 

The two interpretations may be effectively dis- 
tinguished by the joint consideration of two F,’s,. 
one in repulsion and the second in coupling phase. 
The production of the second F’, necessitates breeding- 
from ruruss animals, and this is complicated by the- 
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impaired fertility of ruru males'.‘ and small size and 
weakened maternal instincts of ruruss females. No 
ruruss males have been found to be fertile ; but, by 
persevering with ruruss females, suitable F, young 
were reared, which produced the F, of Table 1 (first 
row). 

The number (215) constituting the coupling F, 
is too few to balance adequately the much larger 
original repulsion F’,, so the first 55 litters from the 
latter, comprising 214 young, were extracted (Table 1, 
second row). The two distributions agree closely, 
and it may be inferred, therefore, that the disturbed 
segregation of ru and s is not due to linkage but to 
an inviability interaction. A maximum likelihood 
analysis for departure from random assortment is 
presented below. The total score (3-14) represents a 
negligible deviation. 


Phase Score 
Coupling 46 -5C6 
Repulsion — 49-650 


—3-144 


A summary of results for the remaining nine 
combinations is presented by Table 2. The ru-Y 
comparison just attains a significant value of y* but 
further analysis suggests that this may either repre- 
sent a small inviability interaction, such that the 
male ruru is less viable than female ruru, or be due to 
a not improbable chance deviation occurring among 
a number of sub-sets of data. 


Table 2 


Information z 
576 369 3°70 
628 -931 3°92 


1,205 -300 0-01 








Information 
3,168 -591 


Mutants Score | 
e-ru ~~ 73 333 
17°111 
20-889 
— 28-000 

—24-988 | 





3,331 -970 


—113 -333 
138-012 


— 12-813 
10-667 
62-000 


1,028 -423 
2,793 -333 


| 
| 





No evidence for linkage is apparent from these 
results. The Syrian hamster has 22 chromosomes, and 
an idea of the probability of finding at least one 
linkage with 4 mutant genes among 21 autosomes may 
be computed by Green’s method’. The probability 
is merely 26 per cent. The number of mutants 
required for the probability of linkage to exceed that 
of no-linkage is 6, but the probability (54 per cent) 
is not high. Of the residual probabilities, only that 
for a single linkage is appreciable (43 per cent). It 
may be concluded that the discovery of many more 
mutant genes-is necessary before the chance of 
linkage detection in the hamster tends to approach 
certainty. 
Roy ROBINSON 
St. Stephens Road Nursery, 

Ealing, London, W.13. 

Nov. 5. 
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Control of Diapause by an ‘Internal 
Clock’ in Anthrenus verbasci (L.) (Col., 
Dermestidae) 


Tue life-history of this carpet beetle under outdoor 
conditions in southern England is as follows. Adults 
emerge in June and July and may be found on many 
species of creamy-white flowers, notably cultivated 
Spiraea spp. and Heracleum sphondylium L. (hog. 
weed). One of the main oviposition sites is dry birds’ 
nest material found in the attics of buildings. Eggs 
hatch in about five weeks, but larvee may require two 
years for complete development. Pupation occurs in 
early May, and lasts about a month ; after a further 
week of inactivity the active adults emerge. When 
mating occurs immediately, eggs are laid from about 
one week onwards for at least a month. Adults die 
about the end of July. Experiments on the develop. 
ment of larve under outdoor conditions showed a 
clear annual rhythm of activity, namely, a rapid rate 
of moulting during the summer (May—August) and 
rest during the winter. 

A striking feature of the development of this 
species, and one which, so far as I can discover, has 
not previously been demonstrated for an annual 
rhythm in any animal, is that this cycle of active 
growth and rest persists when development takes 
place under constant physical conditions in the 
laboratory. When larve were reared at constant 
temperatures of 15-0—25-0°C., the frequency distribu- 
tion of times of pupation was clearly bi-modal 
(Fig. 1). Larve which pupated in the first group 
had only one period of diapause and their develop. 
ment was completed in a single one-year cycle, but 
those which pupated in the second group had two 
periods of diapause and followed a two-year cycle. 
The proportion of individuals taking one or two years 
to complete development was dependent upon the 
temperature (Fig. 1). 

There was alignment of the active periods of 
individuals at different temperatures. During the 
first active period, which followed immediately after 
emergence from the egg, the increase in size was 
roughly proportional to the temperature. Conse- 
quently, at the end of the first active period larve 
developing at 15-0° C. were only small, while those 
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at 25-0° C. were fully grown. There followed a 
period of diapause when little or no development 
occurred. Next came a second active period, during 
which the small larvee moulted and reached the fully 
grown stage, while the larve already fully grown 
pupated, forming the first-year group of pup. This 
alignment of alternating active and diapause periods, 
in individuals developing at different temperatures, 
and therefore at different stages in their development, 
indicates an internal rhythm of development common 
to all. 

The length of the cycle in this rhythmic develop- 
ment under constant conditions is about forty-one 
weeks, compared with the annual rhythm of develop- 
ment under outdoor fluctuating conditions. It is 
considered that the shorter interval is the basic one, 
and that, when diapause is completed, activity (involv- 
ing both moulting and pupation) will proceed as soon 
as the temperature is above the threshold for develop- 
ment. This also furnishes an explanation for the lack 
of variation in the time of pupation under outdoor 
conditions (29 individuals varied by less than 4 days 
at the end of two years development) compared with 
that under constant conditions (Fig. 1). 

Some of the laboratory experiments commenced in 
August, some in November and some in December. 
Relative humidity was controlled, and any diurnal or 
seasonal changes in carbon dioxide concentration 
were masked. The experiments were carried out in 
complete darkness except for short exposures of the 
insects to daylight or to tungsten illumination when 
they were being examined. Some experiments were 
started with the progeny of adults from laboratory 
cultures, others with the progeny of adults from 
flowers, but these differences did not materially 
influence the results. All eggs were incubated at 
20-0°C., 70 per cent relative humidity, and the experi- 
ments set up with newly emerged larve. 

At 20°C. simple crossings were made between 
individuals taking two years to develop. The F, 
progeny fell into two groups (one-year and two-year) 
in approximately the same proportion as in the 
original population. 

A more detailed account is in the press’. 

G. M. BuaKE 
Pest Infestation Laboratory 
(Department of Scientific and Industrial Research), 
London Road, Slough. 
Nov. 19. 


Blake, G. M., Bull. Ent. Res. (in the press). 


A New Method for delaying Pupation in 
Drosophila melanogaster 


Metuops of delaying pupation in D. melanogaster 
are not only of interest in relation to the physiology 
of metamorphosis but also provide useful tools for 
developmental-genetical studies. Up to the present, 
the main method available has been that of Beadle, 
Tatum and Clancy. They kept larve, aged less than 
70 hr., on a low food-level provided by 1-5 per cent 
agar and 0-25 per cent brewer’s yeast. According to 
Bodenstein? most of the larve starved in this way 
fail to survive, particularly, of course, those starved 
from early ages; moreover, the period for which 
pupation is delayed is highly variable, since in some 
cases larvee pupate only one day late whereas in 
others the delay might be as much as five days. 

_A method has been found to delay pupation from 
six to seven days. The experiments were made with 
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wild-type Or.K. stock. The eggs were laid over a 
2-hr. period on agar medium and left for 20 hr., after 
which all the larve hatched during this period were 
removed. The remaining eggs were then raised on 
agar-molasses medium composed of 2 per cent agar, 
17 per cent molasses and 1-5 per cent dry yeast. 
After 70 hr. from egg deposition (48 hr. after hatch- 
ing), the larve were transferred to other vials con- 
taining the same food medium mixed with benzamide 
at concentrations of 2-0-6-0 per cent. In each vial, 
12-15 larve were raised. Throughout the whole 
period of experiments, the temperature was kept at 
25° C, 

Nine days from egg-hatching, that is, five days 
after the control larve had pupated and one day after 
the flies had emerged from the pups, the test vials 
were examined. As shown in Table 1, at 2-0 per cent 
benzamide, about 88-8 per cent of the test larvee 
have retained their larval characteristics, the 
remainder having become prepupal. The mortality- 
rate was insignificant. 


Table 1. EFFECT OF BENZAMIDE ON 48-HR.-OLD LARVH OF D. 
melinogaster (OBSERVED NINE DAYS AFTER HATCHING) 





Mortality- 


Larvee 
rate 


No. of retarded 
Cone. test |—— 
| (per cent)/ larvae | No. | Per cent | No. 


2:0 54 48 88-8 5 9-2 2-0 


Pre-pupese 





Per cent | No. | Per cent 





4-0 69 66 95-6 4-4 
6-0 69 67 97-1 _ 29 




















At 4-0 and 6-0 per cent benzamide no pupation 
occurred, and nearly all the test larve remained in 
the food culture as mature third instar. These 
arrested larve were well able to withstand the 
experimental conditions, mortality-rate being small. 
When they were transferred to ordinary food, the 
percentage of recovery was very high. Pupation 
usually occurred 1-2 days after the transference. In 
other words, the whole period of delay was 6—7 days, 
5 days with the treated food and 1-2 days with the 
ordinary one. 

Table 2. FATE OF RETARDED LARVH AFTER TRANSFERENCE TO 
ORDINARY Foop 





Recovered larve 


| No. 


No. of 
transferred 
larvee 


Conc. of 
benzamide 
(per cent) 





Per cent 





95°38 
95°4 
90-0 


24 23 
22 21 
20 18 


ma 





2-0 
4-0 
6-0 





| 
| 





I am indebted to Prof. C. H. Waddington for his 

encouragement throughout the progress of the work. 
A. ABD-EL-WAHAB* 
Institute of Animal Genetics, 
Edinburgh. 
Nov. 22. 

* Present address: Zoology Department, University of Cairo. 
1 Beadle, C., Tatum, E., and Clancy, C., Biol. Bull., 75, 447 (1938). 
? Bodenstein, D., J. Exp. Zool., 82, 329 (1939). 


Collagen in the Perilemma of Insect 
Nerve 


InsEcT nerves are enclosed in a sheath, the peri- 
lemma, made up of concentric layers of anisotropic 
protein micelles and resembling the connective tissue 
of vertebrates'. There is evidence that each lamina 
consists of rows of glycoprotein fibrille, oriented at 
right angles in successive layers, the whole embedded 
in a matrix of neutral mucopolysaccharide*. 
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Fig. 1. Tangential mame ( of perilemma of Rhodnius nerve. 
x 80, 


There has been some doubt as to whether the 
fibrous component of the perilemma is a collagen. 
Collagen is widely distributed in invertebrates’. By 
X-ray diffraction methods (wide-angle pattern), its 
presence has been established in crab nerve‘ and in 
subcuticular tissues of Crustacea and Mollusca‘. 
By the same means Rudall’ obtained definite evidence 
of its presence in small quantities in the ventral 
nerve cord of large mantids. 

In the course of a re-investigation of the histology 
of the insect nervous system (V. B. W.), sections of the 
perileomma of the ganglia and large nerves of Rhodnius 
prolicus (Hemiptera) were prepared for the electron 
microscope (D. 8S. 8.). Transverse sections reveal a 
series of rather dense fibrillar layers, with looser tissue 
between in which the fibres are differently oriented. 
Fig. 1 represents a somewhat thick tangential section 
showing the feltwork of banded fibres in one of the 
dense laminez. Approximate measurements made on 
thinner sections gave a main periodicity of around 
500-600 A. and a minimum diameter of about 150 A. 
In some fibres there are traces of secondary periodi- 
city. These characters fall within the range of those 
of collagen in other groups of animals*. 

Davin 8. Situ 
V. B. WiaeGLEsworTH 
Department of Zoology, 
University of Cambridge. 
Nov. 4. 
* Richards, A. G., J. New York Ent. Soc., 52, 285 (1944). 
* Baccetti, B., Redia, 40, 197 (1955); 41, 259 (1956). 
* Bear, R. 8., “Adv. Protein Chem.”, 7, 69 (1952). 
. wa F. O., Bear, R. 8., and Clark, G. L., Radiology, 25, 131 
* Rudall, K. M., Symp. Soc. Exp. Biol., 9, 49 (1955). 


Chromosome Number of the Potato Root 
Eelworm, Heterodera rostochiensis 
Wollenweber 


Riley and Chapman! have recently reported that 
the diploid chromosome number of the female potato 
root eelworm is 18. During the course of a com- 
parative study of the cytology of the genus Heterodera, 
I have found from a study of eggs undergoing meiosis 
that although this number appears to be usual in the 
potato root eelworm, eggs having 20 and 22 as the 
diploid number are not uncommon, while occasional 
eggs with 19, 23 and 24 may also occur. Material 
was fixed in Carnoy’s fluid and stained with 1 per 
cent orcein in 45 per cent propionic acid using a 
squash technique. The distribution of chromosome 
number shown in Fig. 1 is based on 40 eggs from 
32 females. In most cases where it has been possible 
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to determine the chromosome number for more than 
one egg per female the determinations have agreed, 
but it is not certain whether this is always the case. 
The chromosomes are approximately ly long, so 
that counts may not be accurate in all cases ; never- 
theless it is clear that the number of chromosomes 
varies. 

One fertilized female was also found containing 
eggs with abnormally high chromosome numbers. 
21 eggs were present, six undergoing meiotic division, 
and of these one had 47 chromosomes clearly 
arranged in a first anaphase figure, 23 in the upper 
plate and 24 in the lower. In none of the other five 
eggs were the chromosomes sufficiently clear to 
permit an accurate count, but in four of them the 
unreduced chromosome number was not less than 36, 
a number which falls outside the range shown in 
Fig. 1. The egg containing 47 chromosomes was 
apparently tetraploid ; it is not possible, however, 
to say whether the whole of the parent female was 
tetraploid or only portions of the reproductive tract. 
Some years ago, Onions? reported from this laboratory 
the occurrence of four giant larve of potato root 
eelworm in one cyst (female), and suggested that they 
might be polyploid ; their egg shells were also about 
twice the normal size. In the present case, the sizes 
of four fixed and stained eggs having abnormally 
high chromosome numbers fell within the range for 
comparable eggs of normal chromosome number. _ 

The work is supported by a grant from the Agri- 
cultural Research Council, for which I wish to express 
my thanks. 

J. CoTTEN 

Department of Zoology, 

King’s College, 
University of Durham, 
Newcastle upon Tyne. 
Oct. 23. 
1 Riley, R., and Chapman, V., Nature, 180, 662 (1957). 
* Onions, T. G., Nature, 172, 249 (1953). 
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Singing Pattern of the Common Chaffinch, 
Fringilla coelebs Linn. 


In a recent communication! describing the results 
of research carried out at Cambridge on song learning 
in F. coelebs genglert it is stated that the natural song 
of this bird has a length of 2-2-5 sec., followed by a 
silent interval of 10-20 sec. Systematic records of 
the singing pattern of F’. coelebs obtained here over 
a number of years suggest that Cambridge results 
quoted above may not be fully representative of the 
native chaffinch population of the British Isles. 

The present communication describes the results 
obtained from detailed records of chaffinch song at 
Sidmouth covering three breeding seasons—1946, 1953 
and 1954. Values of the ‘song interval’, defined by the 
time taken to utter the characteristic tri-phrase song 
once, have already been reported for the season of 
1946%. The results presented here include new data 
on the rate of singing obtained in 1953 and 1954 
based on a total of 9,435 records of individual birds 
belonging to the same local population as that used 
in 1946. 

From the combined data, grouped mean values of 
total singing time, 7';, and total silent period 7, 
(both expressed in sec. per min.) have been derived 
for 10-day intervals during the breeding cycle. 
Additionally, 10-day mean values of the quantity, 
100 (7,/T,), designated hereafter the ‘song ratio’, 
have been computed to provide a useful index of 
singing activity. ‘Table 1 summarizes the results 
obtained during the most active period of breed- 
ing song for 55 until 125 days from the onset of 
singing. 


Table 1. SEASONAL MARCH OF SONG AcTIviTy (F. coelebs LINN.) 
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Both duration of song and rate of singing are seen 
to vary in response to the biological stimulus of the 
breeding cycle. The former exhibits a flat maximum 
at 85-95 days from onset of singing, while the latter 
passes through a more pronounced maximum phase 
at 75 days from onset. There is also a significant 
increase of the time spent by each bird in actual song 
(relative to the rest period) as the peak of the breeding 
cyele is approached, maxima of 7's, and ‘song ratio’, 
occurring at 75 days from commencement. 

Turning now to the observed march of singing 
activity as reflected by the percentage values of the 
Song ratio’ entered in the last column of Table 1, 
it is seen that between the sixty-fifth and eighty-fifth 

ys & consistently high level of activity is sustained, 
the maximum reaching almost 35 per cent at the 
seventy-fifth day. 

It is of further interest to compare the mean values 
of the ‘song ratio’ for the whole period of 70 days with 
that computed from the Cambridge data already 
mentioned’. Table 2 shows clearly that the average 
a te — at Sidmouth is about 10 + 5 per 

r than the corresponding level of activi 
for Cambridge, 4 ee mae 
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Table 2. COMPARATIVE SONG DATA FOR CAMBRIDGE AND SIDMOUTH 





Mean song 
ratio 
(per cent) 


Mean song 
duration 
(sec.) 


Mean rest 


period 


Locality ; ; 
sec. 





15-0 17+4 


26 +5 


2°3 


(eastern counties) 
Sidmouth 


Cambridge 
(south-west England) 2-1 


8:2 








Reference to the third column of Table 2 shows that 
the principal cause of this difference is the shortened 
rest-period observed at Sidmouth, with an average 
duration only about one-half of that reported for 
Cambridge. 

These results suggest that significant differences 
in the level of breeding song activity may well exist 
between bird populations in different parts of the 
country, birds native to south-west England, for 
example, being consistently more energetic songsters 
than those resident in the eastern counties. 

D. R. BARBER 

Lamacraft, Manor Road, 

Sidmouth, Devon. 
Nov. 8. 
1 Thorpe, W. H., Nature, 182, 554 (1958). 
2? Barber, D. R., Nature, 161, 277 (1948). 


Population Differentiation within Plant 
Species in Response to Soil Factors 


THE possible existence of populations within a 
single species adapted to different soil conditions has 
long been realized and they have been termed ‘edaphic 
ecotypes’”?. However, few cases of their occurrence 
have been described, and very few of these are in 
relation to soil conditions normally encountered?’, 
most being in relation to special soil conditions such 
as in soils of serpentine origin or contaminated by 
heavy metals*.*. This is surprising in view of the 
fact that a major difference between many closely 
related species is often that of soil preference. 

In an effort to determine if such differentiation 
occurs within some ecologically wide-ranging species 
we have used two techniques; first, the effect on 
growth of contrasting natural soils and, secondly, the 
analysis of individual factors, which are probably 
acting in these soils, by a sand-culture technique, 
thus allowing a more critical approach‘. 

The populations so far studied have been : Festuca 
ovina (a) from a chalk escarpment at Melcombe 
Bingham, Dorset, and (b) from an acid peat area 
on the slopes of Pen yr Oleu Wen, Caernar- 
vonshire ; Agrostis tenuis (a) from an acid peat area, 
slopes of Carnedd Llewelyn, Caernarvonshire, (b) 
from an acid peat area, slopes of Plynlymon, Cards., 
(c) from a moderately base-rich woodland, Ruislip, 
Middlesex, and (d) from a moderately base-rich 
pasture, Waxham, Norfolk. 

When tested in both a Hampshire chalk downland 
soil and an acid upland peat under greenhouse 
conditions, yields (dry weight) were as shown in 
Tables 1 and 2. 

These results show conclusively that reaction to 
the widely contrasting soils is markedly different 
in the two populations of Festuca ovina (soil x 
population interaction significant at 0-1 per cent 
level). In contrast to this, however, Agrostis tenuis 
populations show no difference in reaction to the two 
soils (soil x population interaction not significant). 

Some of the populations have also been tested for 
response to a range of calcium-levels in sand culture. 
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Table 1. Festuca ovina (TOTAL Dry WEIGHT Gi.) 





Total 


25-04 
29°34 


54°38 


Peat soil 
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15°37 


25°83 


Chalk soil 


14-58 
13-97 


48-55 
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Pen yr Oleu Wen 


Total 











Sig. diff. at 5 per cent prob., 1-56. 
Table 2. Agrostis tenuis (TOTAL DRY WEIGHT GM.) 
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Sig. diff. at 5 per cent prob., 4-12. 


The results are shown graphically in Figs. 1 and 2. 
There is very good correlation of these results with 
those of the soil experiment. The calcium-level x 
population interaction in F’. ovina is significant at the 
5 per cent level and is not significant in A. tenuis. 
It is interesting to note, however, that although 
A. tenuis was not adversely affected by high calcium 
levels in sand culture, when grown in chalk soil the 
yield was markedly reduced, symptoms suggesting 
that an induced iron deficiency was responsible for 
this. 

These experiments, together with preliminary 
results with further populations of F. ovina, clearly 
indicate the occurrence of edaphic ecotypes within 
the species F’. ovina, but no such differentiation in 
A. tenuis. 

Similar sand culture work with Trifolium repens 
has yielded evidence of differentiation within this 

ies also. Using populations ranging from chalk 
downland to base-poor uplands, significant treatment 
xX population interactions in response to both calcium 
and phosphate have been obtained. By varying the 
calcium-level of the nutrient solution, it was found 
that at low calcium (4-8 p.p.m. calcium) upland 
populations outyielded a chalk downland population, 
the latter suffering severe calcium deficiency symp- 
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toms while the former were quite healthy. At high 
calcium the chalk downland populations outyielded 
upland populations. By varying the phosphate 
level it was found that the chalk and upland popula- 
tions had similar phosphate requirements, and that 
this was lower than the requirement of a commercial 
Kent wild white clover. 

These results suggest that differentiation in relation 
to common differences in soil type is more frequent 
than previously indicated. 

This work is part of an investigation supported by 
a grant from the Agricultural Research Council, to 
which we are indebted. 

A. D. BrapsHaw 
R. W. SnayDon 
Department of Agricultural Botany, 
University College of North Wales, 
Bangor. Nov. 8. 
1 Sinskaya, E. N., Bull. App. Bot., Genet., Plant Breed., 19, 1 (1928). 
2 Melchers, G., Z. Ind. Abst. Vererbungsl., 76, 229 (1939). 
* Kruckeberg, A. R., Amer. J. Bot., 38, 408 (1951). 
* Jowett, D., Nature, 182, 816 (1958). 
‘ Bradshaw, A. D., Lodge, R. W., Jowett, D., and Chadwick, M. J., 
J. Ecol., 46, 749 (1958). 


Occurrence of Two Characteristic 
Wealden Ferns in the Jabalpur Series 


Prant fossils collected by us during the years 
1957-58 from the Upper Gondwanas exposed near 
Bansa, South Rewa Gondwana basin, and Sehora, 
Satpura basin, include two well-known Wealden 
ferns, namely, Weichselia Stiehler and Onychtopss 
Yokoyama. The collection from Bansa includes & 
few sterile fronds of Weichselia sp. (Figs. 1 and 2). 
The pinnules of these are slightly different from those 
of W. reticulata in the nature of their reticulate 
venation. In our specimens the areole between the 
midrib and the margin are more elongate. Both the 
fertile and sterile fronds of Onychiopsis (Figs. 3 and 4) 
from Bansa resemble rather O. capsulifera descr! 
by Velenvosky!. The specimens of Onychiopsis from 
Sehora are all sterile and resemble rather O. psilotoides. 
No Weichselia has so far been collected from Sehors. 

The age of these Upper Gondwana beds exposed 
near Bansa, Sehora and also at Jabalpur has long been 
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Fig. 1. Weichselia sp. (x 1). Fig. 2. Three pinnules of Weichselia 
(x 5). Figs. 3 and 4. Onychiopsis sp. (x 1). All the specimens 
are from Bansa, Madhya Pradesh 

in dispute. Three views have been put forward : 
the first was expressed by Feistmantel*, who con- 
sidered them to be Middle Jurassic ; the second is 
by Wadia*, who regards these beds as Upper Jurassic ; 
and the third is by Matley*, according to which these 
are Lower Cretaceous. 

On the evidence of the present findings, the age of 
the Jabalpur series cannot be fixed with absolute 
certainty. However, considering all the known 
records of Weichselia and Onychiopsis, which lie 
mostly in the Wealden, it is more apt to refer the 
Jabalpur exposed near Bansa and Sehora to the Lower 
Cretaceous. 

M. N. BosE 
Suxn Drv 


Birbal Sahni Institute of Paleobotany, 

Lucknow. 
'Velenvosky, J., Abh. K. bohm. Ges. Wiss., 7, 10 (1888). 
*Feistmantel, O., Mem. Geol. Surv. India, Pal. Ind., 2, 21 (1877). 
*Wadia, D. N., “Geology of India”, 181 (London, 1953). 
‘Matley, C. A., Rec. Geol. Surv. India, 58, 162 (1921). 


Resistance of Anopheles aquasalis Curry 
to Dieldrin in Trinidad 


Work at the Ross Institute with Anopheles gambiae 
revealed that dieldrin resistance is due to an allele 
of a single gene. When tested with papers impreg- 
nated with a mineral oil solution of this insecticide, 
the heterozygotes for this allele can withstand 
0-4 per cent dieldrin for 1 hr. and the homozygotes 
for this resistant allele can withstand 4-0 per cent 
dieldrin for 1 hr. 

It does not necessarily follow that the same applies 
to Anopheles aquasalis Curry, which is now known 
to be resistant to dieldrin in Trinidad. However, 
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the same technique was applied using freshly blooded 
females taken from Shannon dawn traps located in 
the Barataria area of Trinidad. 

On October 10, 1958, using World Health Organiza- 
tion 0-4 per cent dieldrin-impregnated papers, 354 
mosquitoes were exposed in 14 World Health Organ- 
ization kit tubes for 1 hr. and then held 24 hr. At 
the end of this period there were 339 survivors, which 
were re-exposed to 0-4 per cent papers for 1 hr. 
and held for a second 24-hr. period. There were 
290 survivors, that is, 81-9 per cent, all of which 
appeared to be unaffected by the insecticide. 56 
mosquitoes in two tubes were used as control, 48 of 
which survived the same treatment as the test 
mosquitoes except that the control papers were 
impregnated only with risella oil. 

On October 13, 1958, the test was repeated with 
World Health Organization 4-0 per cent papers using 
377 mosquitoes from the same source. There were 
182 survivors, that is, 48-3 per cent. 56 mosquitoes 
were used as control, of which there were 52 survivors. 

It is possible, therefore, from these results that 
just over 40 per cent of the population tested were 
homozygous for resistance to dieldrin. 

T. A. OMARDEEN 

Malaria Division, 

P.O. Box 556, 
Port of Spain, 
Trinidad. 
Nov. 17. 


METEOROLOGY 


Drift of Toxic Chemicals released from 
a Low-flying Aircraft 

WuHen toxic chemicals, such as herbicides or 
insecticides, are applied under field conditions, there 
is a risk that damaging concentrations will occur at 
distances downwind from the source, and that harm 
will be done to crops, or to livestock and human 
beings. Of particular interest is the drift of chemicals 
released from a low-fiying aircraft. 

An Auster J 5G, a small high-wing monoplane, was 
fitted with a boom-and-nozzle system which produced 
a@ spray with a volume median diameter of approx- 
imately 200u, using dyed Shell ‘Diesoline’, a liquid 
for which evaporation is slow at these droplet sizes. 
The aircraft was flown 10 ft. above the ground in open 
rolling grassland, and several long runs were made at 
right angles to the direction of the wind. Relevant 
meteorological records were kept. Deposits upon the 
ground were estimated colorimetrically after extrac- 
tion of the dye from large filter papers, and airborne 
concentrations, in terms of the amounts passing a 
vertical area at right angles to the wind, were sampled 
at a height of 3 ft. by means of cascade impactors'. 

For two such experiments the wind speeds were 
about 8 ft./sec., and the turbulence factor* (#) was 
— 3x 10%. The ground deposits are recorded in 
Fig. 1, using log-log paper, while Fig. 2 gives com- 
parable results for the airborne concentrations ; for 
ease of presentation the results have been calculated 
for an emission of 100 c.c. per yard of flight. Despite 
the scatter of the points, and some shortcomings of 
technique, particularly in the use of cascade impactors 
to sample such relatively coarse sprays, reasonably 
reproducible results were obtained. 

The cumulative effect of successive swathes in an 
area is of interest. With a small aircraft a swathe- 
width of 15 yd. would be representative of, for 
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Fig. 1. The variation in ground dosage with distance downwind 





10,000 


example, applications of herbicides in crops, and, 
using this swathe width and the basic graphs of Figs. 
1 and 2, the build-up of dosages has been calculated 
for various distances downwind from the downwind 
edge of areas subjected to 5, 10, 20, and 40 successive 
swathes. An increase in the number of swathes from 
1 to 5 increases the ground deposit and the airborne 
concentration at the downwind edge of the target 
area by about twice, but a further increase in the 
number of swathes to 40 results in only a slight further 
increase. At 100 yd. downwind the swathes are still 
not additive, the hazard from 40 swathes being 
only 8-10 times that of one; at 1,000 yd. the hazard 
from 40 swathes is about 30 times that of one swathe, 
while it may be inferred that at 10,000 yd. the swathes 
would be nearly additive, in any event for an in- 
volatile liquid. 

The results indicate the hazards to be expected 
for distances of up to a mile or so downwind from a 
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sprayed area. It would be more generally useful to 
extend the sampling for a few miles downwind, and 
it is hoped that this will be possible. Variations jn 
droplet size and meteorological conditions are likely 
to have an effect upon dosage distributions, and their 
influence is being investigated. 
D. YEo 
N. B. Axesson* 
H. H. Courts 
Colonial Pesticides Research Unit, 
Arusha, Tanganyika. 
* On leave from the University of California, Fulbright Assignment, 
1 May, K. R., J. Sci. Instr., 22, 187 (1945). 
* Yeo, D., and Thompson, B. W., Nature, 172, 168 (1953). 


World Variation in Annual Rainfall 


Tue following analysis is based on the figures 
given by Conrad' which cover 358 stations in the 
belt 60° N.-60°S. The aim of the work was to test 
the validity of the statement frequently quoted that 
rainfall variation is much greater in the tropics than 
in the temperate regions. The broad result of the 
investigation shows that this is not strictly true. 

Conrad has used the mean deviation as the variance 
factor, vg, relating this to p, the mean ennual pre- 
cipitation, so that vg/p = v;. First, the stations 
were zoned within 20° belts and the differences of 
the mean of v, examined. 


Table 1. VALUES OF PROBABILITY VERSUS DIFFERENCE OF MEANS OF 





0°- 20°- 
40° S. 


40°- 
60° S. 


60°— 
40° N. 


40°— 
20° N. 


20°- | 0° 
O° N. | 20°S. 


0:06 | < 0-02 
age < 0-001] >0-2 

< 0-001 — 10 

>0-2 0:10 
0-13 | < 0-001 
0-09 | >0°2 





60°—40° N. 
40°-20° N. 
20°-0° N. 
0°-20° S. 
20°-40° S. 
40°-60° S. 


_ < 0-001 
< 0-001 

0-06 
< 0-02 
< 0-001 
>0°2 


























Table 1 shows the probability values obtained, and 
makes clear the fact that there is no significant 
difference between areas symmetrically placed north 
and south of the equator. It was therefore permissible 
to add the respective zones. 


Table 2 





| Mean p x calculated 
| (mm.) | 


Up of Uv, 





60°-40° N. 
and 8S. 

40°-20° 

20°-0° 


17-0 
16°5 
15-0 


22-0 799 
110°9 958 


128-8 1,936 


Mean of | Variance 
| 
} 





| 

From Table 2 it can be shown that the mean of 
the 40°-20° belt is significantly higher than the other 
belts, and that 20°-0° is higher than 60°-40°. Conrad 
has derived an equation connecting v; and p, and from 
this v, was calculated. Columns 1 and 4 in Table 2 
stress the fact that it is within the sub-tropics that 
annual rainfall variation is the greatest. ; 

It was, unfortunately, not posrible to test differ- 
ences of v, within narrow annual rainfall groups, a 
the number of stations was too few; but a de 
analysis will soon be made using European 
African stations. 


J. F. Grirritas 


East African Meteorological Department, 
Nairobi, Kenya. 
Nov. 8. 
1 Monthly Weather Rev., 69, 5 (1941). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, January 12 


British SOCIRTY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
gomxcr GRovP (in the Joint Staff Common Room, University College, 
ower Street, London, W.C.1), at 5.30 p.m.—Dr. F. Waismann : 
“Togic and Reality”. 

University OF LONDON (in the Large Chemistry Lecture Theatre, 
Imperial College of Science and Technology, Imperial Institute Road, 
London, §.W.7), at 5.30 p.m.—Prof. G, Schwarzenbach (Ziirich) : 
“Solution Chemistry of Metal Cations”.* (Special University Lecture 
in Chemistry. Further lecture on January 13.) 

RoyAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
3W.7), at 8.30 p.m.—Sir John Hunt, C.B.E., D.S.0.: “Climbing 
in the Caucasus Mountains of the U.S.S.R.”. 


Tuesday, January 13 


University COLLEGE (in the Anatomy Theatre, Gower Street, 
London, W.C.1), at 1.15 p.m.—Dr. H. Kalmus: “Genetical and 
Cultural Transmission in Animals and Man’”’.* 

INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS (at3 Bucking - 
ham Gate, London, 8.W.1), at 2.15 p.m.—Mr. A. Senkowski: “Ground 
Adhesion Problems of Wheeled Agricultural Tractors”. 

INSTITUTION OF NAVAL ARCHITECTS (at the Institute of Marine 
Engineers, 76 Mark Lane, London, E.C.3), at 5.30 p.m.—Mr. S. J. 
Jones and Mr. J. K. W. MacVicar: ‘‘Development of Air Condition- 
jng in Ships’. 

INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the 
Royal‘ Society of Tropical Medicine and Hygiene, Manson House, 26 
Portland Place, London, W.1), at 5.30 p.m.—Mr. 8. E. Bolam: 
“Compounding Nitrate Rubber for Specific Properties”. 7 p.m.— 
Dr. G. Bielstein : “Some Aspects of High Temperature Vulcanization”’. 

Society OF CHEMICAL INDUSTRY, CHEMICAL ENGINEERING GROUP 
(at 14 Belgrave Square, London, 8.W.1), at 6 p.m.—Mr. E, W. 
Greensmith: “An Organization for Inspection”. 

INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CrcLe (joint meeting with the LONDON GRADUATE AND STUDENT 
SgeTion, at Savoy Place, London, W.C.2), at 6.30 p.m.—Discussion 
on “Education and Training from the Student’s Point of View’’. 

RoyaL AERONAUTICAL SocteTy (at 4 Hamilton Place, London> 
W.1), at 7 p.m.—Lecture on ‘‘Stress Corrosion’’. 


Wednesday, January 14 


Soczty FOR APPLIED BACTERIOLOGY (in the Barnes Lecture 
Theatre, Royal Society of Medicine, 1 Wimpole Street, London, W.1), 
at 10 a.m.—Business Meeting. 10.15 a.m.—Scientific Papers. 2 p.m. 
—({joint meeting with the MIcROBIOLOGY GROUP of the SOCIETY OF 
CHEMICAL INDUSTRY)—Symposium on “Differential Media”. 

PaysicaL Society, CoLouR Group (in the Physiology Theatre. 

University College, Gower Street, London, W.C.1), at 3 p.m.—Mr., 
H. Cole: “The Chemistry of Coloured Glasses”; Dr. R. A. Weale: 
“Third Thoughts on Cone-Monochromatism”. 
_IystiruTz oF Puysics, LONDON AND Home COUNTIES BRANCH 
(in the Lecture Theatre of the Royal Institution, 21 Albemarle Street, 
London, W.1), at 5.30 p.m.—Sir George Thomson, F.R.S.: “Con- 
trolled Thermonuclear Reactions”. 

SOCIETY OF INSTRUMENT TECHNOLOGY, DATA PROCESSING SECTION 
(at Manson House, Portland Place, London, W.1), at 6 p.m.—Sym- 
posium on “Storage Media”. 


Thursday, January 15 


PaysicaL Society, Low TEMPERATURE GRouP (in the Lecture 
Theatre of the Royal School of Mines, Prince Consort Road, South 
cieneton, London, 8.W.7), at 4 p.m.—Thirteenth Annual General 

ing. 
_ INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Dt. 7. P. Hoar: “The Production of Copper and Sulphur by the 
Electro-decomposition of Cuprous Sulphide”; Dr. E. T. Turkdogan : 

Equilibrium Measurements Between Carbon-Saturated Mn-Fe-Si 
Melts and Ca0-Al,0,-MnO-SiO, Slags”. 

,_ LONDON MATHEMATIOAL Soorety (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Dr. B. J. Birch: “Rational Solutions of Equations”. 
P UNIVERSITY COLLEGE, FACULTY OF LAWS (in the Eugenics Theatre, 
rower Street, London, W.C.1), at 5 p.m.—Prof. D. Lloyd: “Liability 
for Radiation Injuries’’.* 
_ INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SECTION 
(in conjunction with the BRITISH NUCLEAR ENERGY CONFERENCE, 
at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. N. J. Mackay 
and Mr. E. Hardwick ; “Electrical Installation at Calder Hall Nuclear 
Power Station”. 
pegral ANTHROPOLOGICAL INSTITUTE (at 21 Bedford Square, 
ate W.C.1), at 5.30 p.m.—Mr. Trefor M. Owen: “The Bidding 
Related Marriage Customs in Nineteenth-Century Wales”. 
INSTITUTION OF MECHANICAL ENGINEERS, STEAM GROUP (at 1 Bird- 


cage Walk, Westmi 8S 
“Boller Feed wee London, 8.W.1), at 6 p.m.—Discussion on 


‘ Soctmry OF CHEMICAL INDUSTRY; ROAD AND BUILDING MATERIALS 
¢ ES (at 14 ‘scigrave Square, London, 8.W.1), at 6 p.m.—Mr. 
- E. Bessey: “‘Acrated Concrete”. 


INsritvre oF MRTALS (at 17 Belgrave S 

N quare, London, W.1), at 

Fed P.m.—Dr. C. E. Birchenall (Princeton University): “The Oxida- 
of Metals at High Temperatures’. 
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Woo. EpvucaTion Soocrety (at the 
Street, London, W.1), at 7 p.m.—Mr. 
Wools—a Scientific Achievement”, 

CHEMICAL SocreTy (in the ae Chemistry Lecture Theatre, 
Imperial Coll of Science and Technology, South: Kensington, 
London, 8.W.7), at 7.30 p.m.—Prof. J. Baddiley: ‘Nucleotides and 
Bacterial Cell Wall Components” (Tilden Lecture). 

Royal SocrgTy OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Dr. P. E. C. 
Manson-Bahr: ‘East African Kala-azar, with special reference to 
the Pathology, Prophylaxis and Treatment”’. 


Royal Institution, Albemarle 
. N. Davidson: “Shrink-Free 


Friday, January 16 


BRITISH MYOOLOGICAL SocrrTy (in the Large Physics Theatre, 
Birkbeck College, Malet Street, London, W.C.1), at 11 a.m.—Sym- 
posium on “Some Aspects of Diseases of Vegetables’’. 

INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5.15 p.m.—Mr, W. J. Charnley : 
“Blind Landing Problems’’. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, S.W.1), at 6 p.m.—Mr. J. K. Royle: ‘“In- 
herent Non-Linear Effects in Hydraulic Control Systems with Inertia 
Loading”; Dr. D. E. Turnbull: “Response of a Loaded Hydraulic 
Servomechanism”. 

INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.— 
Dr. Robert M. Page: “Frontiers of Space Research”, 


SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (af 
14 Belgrave Square, London, S.W.1), at 6.30 p.m.—Mr. E. E. Boake : 
“Development of Aromatic and Perfumery Chemicals’, 


Saturday, January I7 


LONDON CouNTY CoUNCIL (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.28), at 3.80 p.m.—Dr. D. L. Snell- 
grove: ‘“‘Ruddhist Shrines of Nepal’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned: 

LECTURER IN ELECTRICAL ENGINEERING, to teach power and 
distribution up to Higher National Certificate standard—The Principal, 
Dudley and Staffordshire Technical College, Dudley (January 15). 

SENIOR: LIBRARY ASSISTANT (graduate with suitable library ex- 
perience) IN THE SCIENCE AND SOCIAL SCIENCE SECTION of the Univer- 
sity eo Librarian, The University, Birmingham 15 (Janu- 
ary . 

ASSISTANT EXPERIMENTAL OFFICER (with a degree in science or 
horticulture) IN THE PHYSIOLOGY SECTION—The Secretary, National 
Vegetable Research Station, Wellesbourne, Warwick (January 17). 

EXPERIMENTAL OFFICERS, Grade 1 (with a degree or diploma in 
mechanical, electromechanical or aeronautical engineering fields), 
AT THE WEAPONS RESEARCH ESTABLISHMENT, Australian Defence 
Scientific Service, near Adelaide, South Australia, for duties associated 
with a group responsible for the design, development and launching 
of special purpose rocket propelled vehicles—The Senior Representa- 
tive (A.V.12/6), Department of Supply, Australia House, Strand, 
London, W.C.2 (January 19). 

SENIOR LECTURER (honours graduate) IN GLASS TECHNOLOGY at 
St. Helen’s Technical College—The Director of Education, Education 
Office, St. Helen’s, Lancs (January 20). 

ASSISTANT TECHNICAL EpiItor (with at least a pass degree in 
science, technology or arts) in the Ministry of Power, Sheffield, for 
work on reports and papers concerning safety in mines research— 
The Ministry of Labour and National Service, Technical and Scientific 
Register (K), 26 King Street, London, 8.W.1, quoting A.266/8A 
(January 24). 

Puysicist, Senior Scientific Officer (with a good honours degree 
in physics, and preferably general physical experience and a know- 
ledge of radiochemical equipment), in the Scientific Branch, L.C.C. 
County Hall, for research work on properties of materials and in 
the field of health physics—The Medical Officer of Health (PH/D.1/A), 
County Hall, London, 8.E.1 (January 24). 

LECTURER, and an ASSISTANT, Grade B, IN THE DEPARTMENT OF 
CHEMISTRY—The Clerk to the Governors, Chelsea College of Science 
and Technology, Manresa Road, London, 8.W.3 (January 26). 

Som ANALYsT (with a degree in chemistry, agricultural chemistry 
or an equivalent professional qualification from a recognized univer- 
sity or other institution) IN THE DEPARTMENT OF AGRICULTURE, 
University College of Ghana, to assist in the research programme 
of the Division of Soil Science—The Assistant Registrar (London), 
University College of Ghana, 29 Tavistock Square, London, W.C.1 


(January 26). 

ASSISTANT LECTURER IN APPLIED MATHEMATIOS—The Secretary, 
The University, Belfast (January 30). 

CHEMICAL ENGINEER Or FUEL TECHNOLOGIST (with a agen 4 
degree in science, chemical engineering or fuel technology (wit 
chemistry as a major subject) or equivalent qualifications) IN THE 
CoaL RESEARCH SECTION, C.S.I.R.O., North Ryde, New South Wales, 
Australia, to take partin ‘a scale investigations on the carbonization 
of coal in connexion with the Section’s research programme into the 
properties of Australian coals and the improvement of the quality 
of metallurgical coke made from these coals—Chief Scientific Liaison 
Officer, Scientific Liaison Office, Africa House, Kingsway, London, 
W.C.2, quoting Appointment No. 480/250 (Janu: $1). Pr, 

LECTURER IN BIOCHEMISTRY—The Secretary of University Court, 
The University, Giamaow (January 81). 

LECTURER (with a degree in electrical engineering, and preferably 
experience in one or more of the fields of light current cucinocring) 
IN ELECTRICAL ENGINEERING at the University. of Queensland, 
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Australia—The Secre , Association of Universities of the British 
Commonwealth, 36 Go mn Square, London, W.C.1 (Australia, Janu- 


a 

5 > ai (with an honours degree in civil engineering and prefer- 
ably research or teaching experience in materials and structures) in 
CIVIL ENGINEERING at the University of Sydney. Australia—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon ape London, W.C.1 (Australia, January 31). 

LECTURERS ( ) (preferably but not necessarily, experience of re- 
search work “ aaa or theoretical nuclear physics) IN THE 
ee | or Paysios—The Registrar, The University, Liverpool 

anuary 

PLANT NUTRITION OFFICER (with a first-class honours degree in 
agricultural science or science, or higher aeademic qualifications, and 
research experience) at the Western Australian Regional Laboratory, 
Division of Plant Industry, C.S.1.R.0., Perth, to participate in a 
ay aber ogramme of pasture investigations in Western Australia—Chief 

entific Liaison Officer, Australian Scientific Liaison Office, Africa 
House, Kingsway, London, W.C.2, quoting Appointment No. 135/46 
(January $1). 

FESSOR OF INORGANIC CH#MISTRY—The Registrar, Indian 
Association for the Cultivation of Science, Jadavpur, Calcutta $2, 
India (January 31). 

LECTURER/SENIOR LECTURER (with postgraduate experience in 
veterinary a) 5 IN VETERINARY ATOMY at the University 
of wnt Austral The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
ee February 2). 

H FELLOW and SENIOR RESEARCH FELLOWS (2) IN THE 
DaPARSunn? OF EXPERIMENTAL PATHOLOGY; RESEARCH FELLOWS 
2) IN THE DEPARTMENT OF MEDICAL CHEMISTRY : ae a FELLOW, 

RESEARCH FELLOW san SENIOR RESEARCH FELLOW IN THE DEPART- 
MENT OF PuysioLoGy, John Curtin School of Medical Research, 
Australian ‘National ‘Dalverstty ~The Secretary, Association of Uni- 
— of the British Commonwealth, 36 Gordon Square, London, 

W.C.1, or the Registrar, Australian National University, Box 4,G.P.0., 
Canberra, $A: - February 6). 

TURNER EWALL RESEARCH FELLOWS IN ENGINEERING, 
INORGANIO Gumenear Paysics and allied subjects—The Registrar, 
The University, Sounahaster 18 (February 14). 

SENIOR LECTURER (otenly ¢ jualified and experienced graduate in 
chemistry or agricultural chemi na IN THE DEPARTMENT OF CHEM- 
ISTRY AND SOIL — — eee of ane Agriculture, 
Trinidad, West Indies, lant and animal biochemistry to 
students reading for the Be se(he (Agric. ) degree—The Secretary, Im 
College of a Agriculture, 40 Norfolk Street, Lon on, C.2 


(February 
IST ANT LECTURER IN APPLIED MATHEMATICS (GEOPHYSICAL)— 
The Secretary, The Queen’s University, Belfast (February 25). 

Cuair OF Borany in the University College, Ibadan, Nigeria—The 
Secretary, Inter-University — or Hig! er Education Overseas, 
29 Woburn Square, London, W.C.1 (eevency 28). 

LROTURER IN TROFICAL HyGIgNE—The Dean, London School of 
Hygiene and Tropical Medicine, Keppel Street, London, W.C.1 
(February 28). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (2) IN CHEM- 
ISTRY, PHYSICS, PHYSICAL CHEMISTRY, BIOCHEMISTRY, CHEMO- 
THERAPY, PHARMACOLOGY, PHARMACY, COLLOID SCIENCE, METAL- 
LURGY, ‘ENGINEERING, GxoLoGy or AGRICULTURAL ScIENcE—The 
Registrar, University of Wales, University Registry, Cathays Park, 
Cardiff (March 7 

CHAIR OF canemenntenes STATISTICS in the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
poe neem, 36 Gordon Square, London, W.C.1 (Australia, 


LECTURERS or ASSISTANT LECTURERS (with experience in at least 
one of the following fields—generation, transmission and/or distribu- 
tion of electrical power, measurements, electrical machinery) IN 
ELECTRICAL ENGINEERING—The Secretary, The Queen’s University, 
Belfast (March 20). 

ASSISTANT (preferably graduate in chemistry, biochemistry, or 
physiology) IN THE DEPARTMENT OF PATHOLOGY, to help in research 
n connexion with the investigation of steroids—The Clerk to the 
Governors, St. Bartholomew's Hospital, 
envelope “Research”. 

CHEMIST or BIOCHEMIST (with postgraduate experience and prefer- 
ably a knowledge of immunochemistry and carbohydrate chemistry) 
for a wide range of biochemical research concerned with diseases of 
sheep—The Secretary, Animal a Research Association, Moredun 
Institute, Gilmerton, Edinburgh 9 

Ww IN THE DEPARTMENT OF CuEMIsTRY, for‘ fundamental 
research on electron ——— spectroscopy—The Registrar, The 
University, Birmi 

LABORATORY ‘Asenetast OS with a knowledge of chemistry 
and experience of handling scientific apparatus), for duties in the 
—— and Biology Laboratories—The Principal, Coventry Tech- 
nical Co! , The Butts, Coventry. 

te ROTURER (with a wide general knowledge of microbiology 
and industrial ex: ence, preferably in the food industry) IN APPLIED 
MICROBIOLOGY— Secre' /Treasurer, Royal "College of Science 
and Technology, Glasgow, C.1. 


rial 


London, E.(0.1, marking 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Department of Scientific and Industrial aaeee } Road Research 
lapeeate ry. Road Research Technical Paper No. The Polishing 
of Roadstone in Relation to the Resistance to Skiading of Bituminous 
Road Surfacings. D. J. Maclean and F. A. id. Pp. arent’ 
plates. (London: H.M. Stationery Office, 1958.) C net. (811 
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fines and pity of Supply. 
rch Counell Corrosion of Metals am okey urs from Oe 
Maveriais; a ae, By Vera E. Rance ane. ee - Cole, Pp. female 
Coatee: H.M. Stationery Office, 1958.) 2s [311 
Classified Radiographs for Defects in py a Fusion Welds, on 
we on their Origin and Prevention. Prepared by P. T. Ho 
G. Young and A. A. Smith. Pp. iii+51. Thoation : British Welding 
ecarat Association, 1958.) 10s. 
mit of Agriculture, Fisheries and Food. Fishery Investigation 
Series 2, Volume 22, The Lobster ea ow“, of Wales. By A. 6, 
——% “4 Pp. ii+33 aa Bang (London: H. M. Stationery Office, 
8. ne’ 
ne Rye of the Royal Society of Edinburgh. Vol. 63, rat 
No. 2 is arranensis, gen. et 7. nov. me a Lycopsid Axis from 
the Bear Carboniferous of Scotland. y Reve . Charles B. Beck. Pp, 
a eg +2 plates. (Edinburgh: Royal ociety of Edinburgh 1958.) 


1 
pT of Scientific ant Industrial Research. Food Invests 
— 1957: The a rt of the Food Investigation Board with the 
ports of the Su ntendents hd the Torry Research Station, the 
Low Temperature Research Station, and the Ditton Laboratory, Pp, 
vi+81. (London: HM. Stationery Office, 1958.) 5s. net. [511 
British Institution of Radio Engineers. Library Services and 
Technical [Information for the Radio and Electronics Engineer. Pp. 72, 
(London: British Institution of Radio Engineers, a) 2s. 6d. [511 
National Central Library. 42nd Annual Report of the Executive 
Committee for the year a 28 February, 1958. Pp. 18. Cae: 
National Central Library, 1958.) (611 
Scottish Marine Biological Association. Annual Report 1957-58. 
Scottish Marine. ‘Biol cal 


34. (Millport, Isle of Cumbrae: 

‘Association, 1958.) 4s. 611 

National Physical Laboratory. Mathematical Tables, Vol. 2: 

Tables of Everett Interpolation Coefficients. By Dr. L. Fox. Pp. 61, 

(London: H.M. Stationery Office, 1958.) 10s. 6d. net. (611 
Other Countries 


Publications, d ge l'Institut Netional pour l’Etude Agronomique du 
Congo Belge. Série Technique No. 53: Le Débit des Bois a la Sciea 
Ruban. 3: Btude du Sciage de Staudtia stipitata, pueme cedrata, 
Cynometra alexa nat ha fg angolensis. C. Antoine et 
J.C. Berben. Pp. 7 0 Belgian francs. Série Technique No. . 
ogee d’ Analyses iauelesion Par Dr. A. Gils et N. Moumm. 

Belgian francs. Bremetiee : Institut National pour If 
habenanene du Congo lige, 1958.) 311 

East African High Commission. a African Trypan 
Research Organization Report, July 1 tg go 1957. Pp. “ 
81. (Nairobi: Government Printer, ies. ) Sh. 7, {311 

Bulletin of the American Museum of Natural a Vol. 116, 
Article 1: The Spider Family Dictynidae in America North of Mexico. 
By Prof. Ralph V. Chamberlin and Willis J. Gertsch. Pp. 1-162+ 
foes) —— PL aed York: American Museum of Natural a, 

The Carlsberg Foundation’s Oceanogra weed Expedition Round the 
World 1928-30, and previous ““Dana” Expeditions. “‘Dana”— 
No.47: Omosudis Ginther, Bathypelagic Genus of Fish. By Vilh. 
Pp. 19. (Copenhagen : Andr. Fred. Host & Son, 1958.) 4 rail 


Kr. 

Publications de I’Institut National pour l’Btude Agronomique du 
Congo Belge. Bulletin Climatologique Annuel du Congo Belge et du 
ee as Année 1957. (Bureau Climatologique - juni- 
cation No. 16.) Pp. 177. (Bruxelles: Institut National pour I’Btude 
Agronomique du Congo Belge, 1958. [311 

The Weizmann Institute of Science, Report, 1956-1957. Pp. 190. 
(Rehovoth, Israel: The Weizmann Institute of Science, Pag [611 

Insect Bn wg eed Information Service. Bulletin, No. 1. _ Pp. 
106. (Utrecht: Insect Toxicologists’ Information Service, Von- 
dellaan, 6, 1958.) (611 

Bulletins d. la Société Royal de Zoologie d’Anvers. No.6: Schild- 
kréten-Pflege in Offentlichen Schau-Aquarien nach Biologischen 
Gesichtspunkten. Von Dr. Agatha Gijzen und Dr. Heinz Wermuth. 

. 65+4+52 plates. No. 7: uelques Observations sur le Coeur de 
I’ Okapi et sur la Circulation Coronarienne. Par Georges Candaele et A. 
Ghys. Pp. 4+8 figures. No.8: Notice sur la Reproduction do he 
Okapia Johnstoni (Sclater) au Jardin Zoologique d’Anvers. By Dr 
Agha Gijzen. Pp. 62 +20 plates. (Anvers: Société Royale de Zoologe 
d’Anvers, 1958, (10: 

Aviation Psychology in Western-Europe and a Report on sta 
of Pilot Proficiency Measurement. Papers Collected by J. B. Parry 
8. D. Fokkema, with the collabouation of Ch. W. Bray, J. eo A.A. 
Burrows, F. J. Miret y Alsina, E. Riis, K. Steininger, F. Stru : 
J. Termohlen, J. Ungricht and M. Wachter. Pp. 64. (Publicati oa 
No. 1 of the Western-European Association for Aviation Paychone 
(Amsterdam: Swets and Zeitlinger, 1958.) 15s. (101 
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FILTER UNITS 
for Industry 


Yy 


ZL 


filters 


in one family 


Four filters of a Family for use with 
either gases or liquids. Many different 
grades of porous ceramic elements 

are available, all having exceptional corrosion 
and heat resisting properties. 

Standard units are constructed in either 
aluminium, gunmetal and copper, or 

rigid PVC. Other materials, such as mild 
or stainless steel, can be used when 

the occasion demands. 

These units are typical of a most 
extensive range, designed and planned to 
meet your particular requirements. 


& 


Write for Catalogue Section No. 10 to 


DOULTON INDUSTRIAL 
PORCELAINS LIMITED 


Royal Doulton Potteries, Dept. C, Wilnecote, 
Tamworth, Staffs. 








PROTHIDIUM 
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for the prophylaxis 
of bovine trypanosomiasis 


Prothidium is given at a dosage level of 2 mg./kg. 
body weight and may be administered either sub- 
cutaneously or intramuscularly. At this rate, no acute 
or delayed systemic toxicity has been reported. Local 
reactions resemble those following the administration 
of other phenanthridine compounds. 


As Prothidium is soluble in water its useasa solution 
gives it definite advantages over suspensions. It provides 
for more uniform absorption, it is quicker and more 
reliable in action and is easier to administer. 


Prothidium is available as 0.5G tablets in bottles 
of 20 and 100. 


FURTHER INFORMATION GLADLY SUPPLIED ON REQUEST 


62 PROTHIDIUM 


-anwiher produce Of E0008 réstatch 


BOOTS PURE DRUG COMPANY LIMITED 
International Division * NOTTINGHAM * ENGLAND 
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| AUTOMATIC POLISHING MACHINE 
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for metaflurgieal specimens 
.. New design with jnovel: fedtures 
‘ essential for the. modern works 
laboratory 


Please write for details 


! R. & J. BECK LTD. 
169/71 Mortimer St. London W.1 
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Introducing a 
new development in 
graticule technique 


MAXTA 


—the graticule with 
MAXimum 
sTAbility 


Technical details and catalogue of standard 
graticules free on request 


raticules 


LiMtiteé8&# ob. 


57-60 HOLBORN VIADUCT, LONDON, ECI 
Grams : Rheinberg. Cent., London 





Phone : CENtral 2717/8 








GREE PURE 
FILTER ||PAPERS 


Have you received a copy of 
our 
free descriptive catalogue, 
N.G.58 ? 


J. BARCHAM GREEN LTD., 
MAIDSTONE ENGLAND 


MUIRHEAD 


D-845 cells 
for recorders 


These cells will function under 
widely varying temperature 
conditions—be tolerant to 
a wide range of mounting 
positions—withstand rough 
handling and yet maintain an 
accurate and stable refer- 

ence voltage. Mounted and 

unmounted types are avail- 

able from stock in limited 

quantities. 


ile ww 


E.M.F. 1-0193 volts abso- 
lute, —— «coal va 
ing tolerance 

mounted, 0-0002 V Mounted. 


Temperature c 
Does not exceed we 


over the range 10°— : 
Temperature hysteresis. 
Negligible over the 
temperature range. 
Internal resistance at 


Ave 


Write for publication 430 1200 ohm: 


MUIRHEAD & CO. LIMITED - BECKENHAM - KENT 


PRECISION ELECTRICAL INSTRUMENT MAKERS 
Phone: Beckenham 4888. Telegrams & Cables: MUIRHEAD, BE 


a Te 





St. Albans, and published by = 


Printed in Great Britain Fisner, Knicut & Co., Ltp., The Gainsborough Press, 
London W W.C.2, and St. MARTIN’s Press, INc., 109 Pat Anuates Maw York 17, NY. "US.A.—Saturday, ee Se 


at St. Martin's Street, 








@ 











=| a 











